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(54) DEVICE AND SYSTEM FOR CODE CONVERSION 

(57) Abstract: 

PURPOSE: To provide the code conversion system which 
allows a telephone conversation without reconverting a 
speech into a reproduced speech temporarily as to a 
telephone conversation between speech encoding 
systems that are different in quantized value or 
quantizing method. 

CONSTITUTION: When there are a 1st speech encoding 
method and a 2nd speech encoding method which 
perform encoding processes differing in quantized value 
or quantizing method as code excitation linear 
predictive encoding methods, the code converting device 
converts multiplexed codes of the 1st speech encoding 
method into multiplexed codes of the 2nd speech 
encoding method. A code separation part 510 inputs the 
multiplexed codes encoded by the 1st speech encoding 
method and separates them into individual codes, and a 
conversion part 500 converts the individual separated 
codes into respective codes of the 2nd speech encoding 
method according to the correspondence relation 
between the codes of the 1st speech encoding method 
and the codes of the 2nd speech encoding method. A 
multiplexing part 570 multiplexes the respective codes 



of the 2nd speech encoding method which are converted 
by the conversion part 500. 
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(57) 

J*«HWfc;#8si:J|!S 2 ©*j*ffiH*f fcfliSfc 

« i ©iFW^ffc^ffiK: j: z&mm^ & S£ 2 

fetc^ltu ^1315 5 0 Ott, faF9^KSK5 1 OtC«fcy 

<£ *«F # £: B&I2H 2 <zyffW*f t#8ac i sara £ (DM 

#^(Z)^(C^|-rS„ #®fb§P5 7 0lt ^ISI$5 0 
0 iC J: »JSQftS*ifeKflB» 2 ©WW3*b#8ac J: 




1 

«&*?fb bT«F*fb Lfc^V >f^h £#»b^S 3 

S*lCJ:yffiHf*bSftfe#»b«P3«:. f^I5@&§»$l 
8F3fls&«£T?& o T, l ©*W^b#i££*^- 

&&mim^izm&irz>& j >mmmx& o r, 

i ®^fip^fb*ffi{c i y «F^bsnfc#sfbfiF 

t., 

l ©fiF?««^b**SK:«fc&«F94:l&aB» 2 ©**«HWb 

flFWSf b#8»C J: ©^{C^T S^ISP 
IMESHJiawcJ: USe»StifclifaB»2®««flF^b*jS 
iz * & #£f b-r-5#gf bgp tltmi-zzt 

i ®«*«F*fb*i*K: ±s«»i:ltfBB» 2 ©*j*8refb 

3 ] If 1 ICfc^T, Ma^ 1 ©#jWHb 
h/WfcBfllteimil^b:^ (V S E L 

P : Vector-Sum Excited Linear Predictive Coding) 

t u t^m 2 ©f^twffcjssfc try ^ra»®«F»a 

®H^»!HSF*fb*8j (P S I - C E L P : Pitch Sync 
hronous Innovation CELP) £f Sii^lC, PSI-C 

U 40 

m& &, liySBJiS 1 ©*?»ffiF*{b#8»c <fc 6JS»|ffl»*f 

^^Suta^2(DW^^-'fb^{c«fcs^r^«TW . 
SfriB^ 1 ©wwHtoSSStci: yflwbanfcm*flF9 

£, *uf3l|l© : g : ^^fb^cj;S«^^^Btjfa^ 
2®^^^b*^J:Sft<rtWfc©«)«Wfi6»cUfe 50 
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2 

tfoT, l!fflB»2CD^flWb*i*JCj:*«*«F^lc3g 

mom 1 ©swsfto&sscj: y «HHba*ife«8^w 

tW3»l©«^«f^b*tSfCj:6SB^HII 

ymztamasmz Lfetfot, tasai 2 ©aerflre 

{b*j*»c «fc £:Ey8^i!5 y«^»cssii-r S«BH»«5 y 

SufBgS 1 ©**flF9fb2rt*K: J: »J «F^fbStifc«8^HW 

fb^casttsji&sfire&sdtu ttna^^M^^ 
^mz&mz «j; y igfta nfeUBas 2 ©** WFSfE&ffi 

fb*es»cfew*ffliefi#s:**u msmi<m^w^ 

£tt3l^#^©PJl#S;/jN£&&, fuKSf§2©^ 

tim&zmsiz. tffia^ 1 cymmmzmz. * s^ya 

?W#iuf Efg 2 ©WW toEfS©TOtl v y«g 

HWT'fes^^&^u mm 1 ©wjw^fb#i£ 

ic J: S«B^Hi^ y^^itJSB^ 2 ©*#8H*ft#i5S© 

©Tfipwwbsasffl^B^aj^ vw^zm 2 ©*W9 
1 ©wsF^b^jsic j: *jsb^*«9 y*a^*«iwaai 2 

^tC«, HutBH 1 ©#*raF*fb#8SC J: s^^tai^ 
y^S:, ^^©luSB^2©^^^b*^©^^ 

^^lai*, tulBffl 1 ©«W^fb*ffifcj:SS»^ 
5 y^-^ffffB^ 2 ©W^^-f b^©^M^ ^«SHW 
T'«:v ^fcWJtanfe«^T*oT, fflffi 1 ©*^^ 

^ b*^(c «fe zmi^m^ y«wtwa» 2 ©w^^b 
*s©^?ii7 y«SH©«/JMB J: y /Jn$ v ^m$iz& mm 
m 2 ©w^«F#f b^s©^iRi^ ^^©a/j^ <fc y ^ 
v m<Dmzm 2 ©w^^b^©^?i!i7 ^wt* 

feoT, fro, tS^lO^^ff^bTKStCASBJffP 

®5:^l^©|frgB^ 2 ©&^«^fb*«fefc J: -SSfti^iil 

* fc, ttJSB^ 1 (nmjZW^iKXmz J: S^i^M^ ^ 
-St-tfftflEffl 2 ©»W9fb*S5&JWHBff9 yigHP^T'^V % 
fcWSa o T. BtfflB^ 1 <D*^«F^f b*i* 

fc«fcs^ff?iro^ y«F9*i«i(rBas 2 ©w^^fb*&© 



3 

"FW? ?fm<D3ck.M J: 'J v Mft££tt. iffiiftc^gl 
fB^W^P^tfll&Stiltrlc, ifflB*2<0##jgHi*b 

m 2 o^#^^^©m^ra^#ff ^©#«t BHsnaiNi 
m&vm%t:mi^xm±iu m?m 1 ©«jWHb:# 

Kit. wfmmzMib^ w8Bmi&&wmrt& 
wtimDfflmB&mmrfr e>, tunim 2 
izMzm 2 (Dttw&timDimfBs&mim 

&j*E»£ft&ftfc^ifl!l5y*ffiHK:bfctfoT. ifflEK 

£ic «t y iWB^ns^ftfiFWb-t^si i ©wwsHb# 
^mmm^m&^i b#srr?*o t, smis i ©wf 

«F*{ b^4:*?fb«)W»a:S«F^bS:ff j& 3 AS 2 ©W 
^»fb#*£tCj: ytt^bfctffc^SS 2 

ttrsam i ©fg^ic j: y znt^&itw^z. sfnan 2 

®«««FWb*j*K: J: S#»b«F9lcS8ft LTbooHH 2 
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4 

ifflBft 1 ©**flF*fb#sac .* y «F*wbSftfeMfbflF 

1 ©^^^StCj:S^tftflBll2©#^fe : ^^ 
^KiSf^fca^BWWcLfctfoT, HufBJg2© 
^«F^b*«6fcJ:6#*<Z)«F^K:3eft"rsSa(K|Jfc, 
IWaaaftJRc J: y b&BBH 2 ©^ W5Hb#& 

u g§is$fe©^^b^^Buiam 2 <mj%m^it 
i&£4T& e> i e> jc«wt-«ww#a t & a s r 

20 1 0 ] ^ &nfc£*T B?PMS 

WMS^©«i;£4^bLT#^bLfc«;frfff-^ KT 
SB^^ N;i4WllfBBi«:*U ^^ft!!^^;!/*© 

m&m? y-7 * w © ? -< jvnemzA^it 

30 ifc»c«fcyKfgB#^fli#&«F^b-r6*i©»^«wb 
flrr**i®iifK6IS4:, 

«F#f b^iSiiA^fbffl** L < lii-T^b^ffi^M^-S^ 
<bS:tf«:-5IB20«^flF#fb*i3»C«fc yflF9fb&tf* 
V\ jB*fC*H^T^««F9fbatifc#«S:iSlffi-r*«2 

tuSEBl ®*J»«^fb*«6lCJ: y«F*fbSffft-5*3CD 

40 mm. 1 ©amisstt, 

mflB^ 1 ©*F*^F*fb#S8C J: y«WfbS4xfc#»b«F 

fc, !&IBt9^MIMtCJ:y^Stifc#>»®fiF#«:, str 
flBSBl ©W^^^b^cj:Sf?#i:ButB^2©WW 
^fb*i£lcJ:S«^i:©«fSBBfi6tcLfc«<oT, ifflBSS 

2 <3!>«^«F»fb*»tC«fc S#^r fflffipmcagjw-sa»i» 
fc, «(rBEW»»cj:ys»anfcta^2(o^BPif«F^b 



(4) 

5 

wosmz «k s^fifbflFwcssfcs j: d tcffim u 

mtzmu 10 
twaas 2 ommssmtz, mm* v&fc-tt^aic * y «re 

fc«:4f«i:-t*i«BS/^'r-A, 20 

«tc$WBj@*I^WfcJ:y#&r«:f5v>, 
WPStx^f h^»WflBSfcfc4»U 1MB*** h 

*&*^c«>je«)&*ife^W5i''«HJcLfc*i«oT, stria 
SIM? -r /i/* <d-7 -r KtmizA^t isxm # 

!HfBS:*?ffcLTflF^ftbfc^>«F^4:fe#fi'fb"tS 30 
3£tcJ: y# 1 <ZHfc»«F*fb#8stC J: ytifEWte^fe 
«WbSrff«:-5iWKaeK:tev^ 

ffriHb#i*£*?fbm> b < w*?raS8S#JM:s«re 
WEWF^fbiSW*. 

Sirss^ i ®*^«F9fb*aic'j: y «F*Hbs*ife#»b«F 
i ©wgF#f b**sic j: sfflp^i: «ffian 2 ©ww*Hb 
ttsasaawc j: um^ti&itriBSi 2 <dww*h b2r& 

«fc^fifc8*S^WK:J:y£*r«:fTVV 
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6 

*^f«-9ffl«AS:»?fbLTa^fbbfe«AfiF9i:, ttf 

*i56icj:yflF»fba*ifc«flsWF^&, immmmm- 
mn^itxmx&ix. ^mw, 1 nw^n^itmiktA 
^bffi*»&&ffiwb&fffc e>n 2 ©w^^-'fb^tc 
j: **af b«F^tcjQjw*«^jajaate»o r, 

ttfflB^#^itgisicj;y^it$ti^#^(Diif^-S:. iffiaii 

1 ®W^fWb^fCj:«fWfct!(gB»2 ©^F^BWfb 

BtriB^igptc j: y se*s taiafg 2 © Wf^f b#& 

[0 0 0 1] 

w^Mfe^o^flaM^cjpjfflan-siaHWba^fe* 

[0 0 0 2] 

*3F&fbfiE«fS:9iyA*iTV^. £©tV *J*JWe.fr=5m. 

^.jf. N;i^aHM^?Rl^'fb^?sS okt. vs 

E L P (Vector-Sum Excited Linear Predictive Codin 
[0 0 0 3] ZL(DZ/XTl*<Dffi%ffil&£.Mftt:$:m2. 1 
[0 0 0 4] 02 HCfeV^T, ifflVSELP#i£«:ffi 

3Sg*A 1 0 0 IS&Zmim^B 160L 

uxmm*fiteoimmm>Ai 1 o^<fcrjf4^ga%© 

B 1 5 0 V$Zsm?Z>$.imA 1 2 0 ££t>'3$$g 
B140fc. ^SiaraS:^S1±Sfe«)(D^S&l 3 0 

[0005] »e^as5fcA i o o &£T$fmm&mA 1 1 

OtCli, VSELP#*6£fflVvr^5«Wb8KA 1 0 
1, 1 1 1 S«->»*SicU URN^B 1 6 

0 33J:t>'^S^B 1 5 0 tj|W|li^(D^'fbi§SB 
16 1, f^-fb^SB 1 5 1 Sr*<r*WRUTV^S. 



7 

[0 0 0 6] W^MAl OOtW^mi 7 0©iIISBS 

owiftzwmtz. mm^^A 1 o otcA^tifcw^ 

1. 2kbp s(D&m^tf£M2*U HSMAl 
1 0/\ffi;fr2*lS„ MiSgifi^Al 1 Ot'il Sflbfe 

ii. 2kbps cotemm^zm^immA mcs 
^T*©^^*>tg^fb£^w^m^£iS£i}--5o s 

£$nfeW^f9^tt£SS«£A 12 0, &mi 3 Ofcj: 
tf£8S&B 14 O&^U «IS^1 7 0lC^StlS„ 

v s e l p^tca: vtmit-m^t-tz® 
6 0£©itis«, 2<j>?$fj&i;&ij. ^imoy&J- 

[0 0 0 7] ZCDtmt LI, MSSft^OT^^ISfi 

asi6i±<z)fe«)©«s^j (1991 ^mm^wm. 

ff^B-3 4 9) tfJUg^T^S,, ^©tfeRS^T- 
li, MSK»tig-iffb£«&:b&^T\ *Bl*|£VSE 
LP#^©£3U&&-r&^(Cj:y, iIfgffig<Z>|HLh& 

[0 0 0 8] o^lC, VSELP^SffllSS:, TVECT 
OR SUM EXCITED LINEAR PREDICTION (VSELP) SPEECH COD 
ING FOR JAPAN DIGITAL CELLULAR J (S^Wffil^ 
#»SM^X^AW5S^I^$BRCS90-26) tcS^'£ 

[0 0 0 9] ^f^b^f&ti:, 2o(DS*^^^ 
l$m^ &^F#ffiF3fb«8lT? 6 . 7kbps ©£j»flF3 5: 

i. 2 k b P s (D&m^zgj&hmti-rz. 

[0 0 10] tKW7*ttS©Ufc 11. 2 k b p 

s ©e&^&«ft^KIH-e££fcl^ hUOJ SrfTiE 

6. 7kb P s®tm&MU se>(C£©8Fi^c 

[0011] Z1C0V S E L Pjj'miD^&^tfMMlt 2 

bvsel psssowareas** bjuDwrnnx-mm 
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8 

^fc££ea*-*ttllil!*i:fcoTv**. i^&:7-r;i/# 
iSa- hW*£J:af|Ilj£3- F^y^tW>3- K 
«flsMfl»±. *^b^©*#£i»iig«:tt«U 4MSF 

[0 0 12] *fc, €^Sffi»«CD«^JM^ ^fc 

&VSELP#&©¥#T*&-5 5. 6kbpsCD« 

io mzmtt&^v^mmm^wmm^mw^iVim 

(«TP S I -CE L P^&ilfS) f)\ rpitch Sync 
hronous Innovation CELP(PSI-CELP) j 

Vvr«*3*VtV*<&. £©PS I -CE LP#jStt. * 
^^^b^te^^-fi^ffliitc^t., A*** 

V\ l5fi^rai^T©#tt|fi!LhS:BIoT^*. 
[0 0 13] 3©PS I-CELP^&fCfcttS^jf 

e>««a*iT^S. ±fc#gteuni, -tJTi-f*i®*t# 
&M»KHJBS-tiTflJIWbU f^ftflDlT-f &^£T*2b 

t&a^fbbfc^S:'f5^t--5ftiffi^T-&§ 0 

jflSa - K^y * 33 J:tfHft n - K^y * £ 4* >f > 3 - 
hVy ^ i;©^#li l o m s mzWftZftZ. 
^WlBIT4«anfe3. 4 5 k b p s©WW*IS:, ^ 

^fb^fc LTS^ii^-f'fb ftife 5 . 6kbps 

Ltz 5. 6kbps fflfibtfwsriKseaiKisre^ Dfc 

40 t^y h^*J &PM^*fc»eai»«-^fb«Bffi'T»S 
tf*#fb«:*l/T 3 . 4 5kbps ©#^#ft^5t1- 
5. *LT«^«-9fb«M[»4. f^'fb^^W^^ 

So 

[0 0 14] 

^mmis*"r2*T*n. ±mmvt~y sel pjjmt p 

S I -CE L P^fc©«?S«F*fb«ifcWB«KbS*lT 
^^■S»^:«), M*©W^^b^ffiS?£-r-g>ri:^jffl$ 
50 BU«EU^i«ke>tC, VSELP^ffifcPS I-CE 



g 

«)Vsel pismxnmtzntd®^*. psi-cel 

P^T'tt^tf 2>Z.£IZX'£?M\ IfflfcMSEL 

pjjmmmt&mmfrt psi-cel pj?&zm 

tdm k-B&wt Lm&j^zm urn mtmm 
xnmmitm^it tsm> zz> \ ztuz «t y , 

iSMfc itm^^asis^it^ic j: y *A&K©#fb& 
ja<o 

[0 0 15] ZCD«fcdlC, t^©^pT'^ VSELP 
^fc«W*-&i»»SB*fc PSI-CEL P*ffiCD»» 

[0 0 16] *«W©B»»i. ^fi&BMW^iSHgFIHb 
[0 0 17] ^JSM^ji^^b^T'feo 

t, jtHMt* l < w*?f b*«s#»B:** i tm 2 1 

®^^Wb*i3affl®iilSJcfev^T, -asS£W;*«cg 

*z£&uzmtfoym&z>immmmm33£z$?mm. 

[0 0 18] 

s»?fbur«^bLfejawffiKMff«F9i:, 

*#&^bUT«F3*bUfeftfcflF9i:, buIBX^* h 

^7 -f ©7 * ;i/*g&$c£:i;^-fb LT^lb U^^H 
i b L TfT^-f b L fc^>f £ £#®f t? Z> z £. ic «fc »j 

tfrfswB#&«F9fb*<&ss 1 ©#jaigF9ft;:&8ac«k y 
fl^b3*ife#»b»#S:. #*aei»§^iiii8F3fb# 

^T'*>ot, smu 1 (D^w^ftxmtm^-ftm^m 

&sf^b&«ft-5*2 ©*^«F^fb*i56K: «fc*#«<b 

«F^fb*j*fC«fcy«F^fbS*ife**^b«F»S:AAU 15 
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10 

1 tm&Z J: 4: Ml BIS 2 ®W«FWb*i38C <fc S# 

©^KS»-*-&s»»i:, tirgsegtsisic 

J: yj»S4xfctWB!B2©iFW^fb*®C«fc*#^© 

[0019] 4 fc, * 1 ©^ffiw b#8»c «fc UflFW: 
1 a>8F3»i:. SuiBffS l ©iFirfiHHb#*Sfc 
dMff®*SeWI«:*«F^ffcS:fTfti*2 ©W^ff^-ft* 
i»»cj:y«#fb%ff*-5*2®tt^»i:, iufBJg 1 ©ff 
10 WBBcj:ys*ifeM^b«W«:. iWBSS 2 «ygFj(r«F*Hb 
«fcS#»bf^fc:S5»L-TtfflB* 2 

Klfc^Ttt, iulB^^&ggtt, iKfflfffWS 
jtf. ttJiBB l oyt&WZi b*26"C»&^tfflBfB 2 
^^b^T-*>S^G>^5:^*|B'lS-r-5g^E$ l elf?glB 
«*Si:» Sfffa^ l c'W$gfB11#IS$:#ML, ig^Bfetf) 
«FWb**fcViif8B» 2 ffl«^«F9fb*»T?*6«^JC, 

20 [0 0 2 0] £P>{C. r©J:-5J&fiF^Sa«R«S:«>t& 
flSKOaMSKBt. KfflaB2<Z>^B»«F^fb*a»cJ:*igF 

I*. ^i(Dafg^s«. ia«4feTf**ajffiKfli<DtaHHb 

/e«FS:afli u ^to^ic j: y mmmv&mm mmo 

ft^wmmiz «fc y BtfiB^ i <omi txmz * y ^^b 
^t\tz.^m\M^^ mm,2ompm^\\Li3mz^ 
30 ^fi^bra»tc3Bia-e*j:-5jcflfflWu tuiBiif§$fecDa 
fffig® c*f LTtffiB^ 2 ©^{b^SStc «fc y ^^b Sff 

SB^2©MffiSSti, lifBBIBlv^b^*atcJ:y«Wb 

tcfe»s«p*f b*«s*«i(f33» 2 ommt-m&x^ t u 
ris»'t«f5«F#Hii, Krsai^i©»^ia^e>Bufaii 

2 ®»^b**Sfc«fc y «WbS:fT**>«:v ^B®ii^3W«* 
o fei: S(C ffflBB 2 <3!>*a4Hb*ffitC J: y «F9f b&ff * 
fcftv >T? , SuSB^ l <&2141f&B'?3Ett3 nfeHuiBH 2 © 

[002 1] * fe. » 1 ®^FJ*ffiF^f b*i56ic <k y auSBW 
^##S^fbS:fT*:e»iifla6H»cfe^T, M^Lfc^ 

[0 0 2 2] 

«F9fb*«6JCj:yflF^ba*ife#fi^b«F9«:AAU bu 

50 j:y4MKanfc«-^®«ws:, «nE»i©«?»«F*fb* 
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&tc <£ *mr tmm, 2 ®fWffWfc*iSK: ££?£#£: 
©ttJSBWRC Ife^ot, gffl BH 2 ©tf W#fb;5»{c 

j:*#*©«f9k:s@»**. &wm\*. rnmmwiz 
<b#sac <fc y ^fbs ttfe^m* «& 2 ©ww^f b 

IK 2 ®*F^«F^ft*jS6©il[*»fC J: y «J»&H^-i"« 21 

So 

[oo2 3] mii. a»awcii. iasa»i 

[0024] SI 1 fclB2 fc©*F/ir«FM:#*S© 

^s(vselp) t-feoT, mxtty+mmm* 
mmm^m^m^m (ps i-celp) 

*fc, V S E L Pi: LT, B*fCfeV^T« 

AKbSttTwavsELPi:, jfewcasvvtSil&fbSft 
T^SVSELPttf&s^cte, 3*ie>&K5i i:3§ 

[0 0 2 5] tffl3g8tastt. BfjiatSl 

©fifWWbSSstc J: **Siaffl»*T«F* H MZm 2 ©# 
b^&lCJ: SMB#K##T^£©^li^C Lfe 
#oT, ^12^2©^^^^^^:^^^^ 

ay&mwtimz*. y«F3fbS*ife«a«F*«:, IMS 

# i ©ww^b^c «t smAia^fciwaas 2 ©#;§■ 

HuSBfl 2 ©W^|ff#fb*»ic J: smAfiF^tcSHftr** 

jjw^m&mt, m?m 1 ©**8F*fb#si8c £ y «f 
#fbatifcjaiB^JW5 tffiBSS 1 ©wwb 

tuiHti 2 ©#w*fb*s£ic j: zmftm*? fm^\zn 
w&zms^w^yw^mz&mt. mm 1 
mtts-mz j: y «9H^batifcfiaH»«i5 $v > 
f^fc j: wg^in^«ff -f-ic^i v mm 1 ©# 

jffl^b^cfcttSBiBfl^&S-jatU fufBJ»M 

^ y^^#istc j: y x&s Mz.mm 2 ©*wi- 

-fb^cis^g^iRl^^Wtc^oT. fffiam2©W 
W9F^ib*ffiK:feW&ESjBfll*S:^RU iulBJg 1 ©# 
#8FS*b#ffiCi3 WSBjBfS #fclWBfl5 2 ©WSP&f b 
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t, znz*n(D&^izz>^z(D$m%ftteo&oizT'% 

•So 

[0 0 2 6] 

[H860IJ] BUT, *«W©iafiWS:BnirS:«8bTliW 

[0027] h itc i?9saft*>^-?-A®tB i ©iasw 

io «. ^©wF^-fb^ACckywF&^fb-rs^ 
«»A 200fc. «je©fipj»raF^fb*«A»c ct y «F^b 
a*ife«F^&, ^©wwb^Attiii&sw^ 
mnitttB<m^\zm&tz>& i %mmm.2 2 on. 
200 tm^mmm 2 2 0 ^ *»*-y:sfc 

#>©*SgJ&A 2 10 2:. #7tfflp)Hb#5£B JC J: y fff^fb 
StlfeflF^Sr^-rStt-^SB 2 4 0 fc, *g-^#§B 2 4 
o i:^-^y§g2 2 o fc&j^3i*sfe»©t33&»2 
3 0 4: 

[0 0 2 8] f9HfS§A2 0 0£.m j imB 2 4 0t.it, & 

20 ^\z\*^mmm¥mn^itiT&*m*m®.£hx 

R£{cg!ffil-s*^b«* £te*^b#i£©JI&s 

Mfta^W^fb^siti*, «*^«W**tc^#® 
b#5£T*& y . ^ - 9 fcjfcHb-taie 
Ic^MfSi^bffi* b*j5SsWJI**^«F^ 
-fb^:$:fflv^T^r^s ; fe)©i:•rs 0 mti. BBrt^-ry* 
;i^fe^9lWW8IS©7;n/- KW^^-fb^^fflLT 

V*<5VSELP#35£, /N-^U-hW^^-fb^T- 

[00 2 9] HllC^VAT, S i nfrSAASnfef-f 
i?*)V8&1B^l*, 2 0 0 {CA^^^W^^ 

fb3*W5. 3©^«, feMA2 10 4St^M 
igfi2 2 0(CA*5tlS„ 3L©^^^gS2 2 0t 
tt, ^ftLfe^^lA 2 0 0 ©8F*«:fl4f*A 2 0 0 T* 

iEg^iLTv^., AFTO«Bai2 2o-^H»a*ifeflF 

40 -W*. -K1S&B 2 3 0 &SgT^-^B 2 4 0 (CA*5tl 
-So i©«F#S:ilfC«-#»B 2 4 Oli-r-f 
#S:tt-*Hb'tS. 3©ie)tCLT, -fl^te-WCSS 

Tii>fc<i-s£fc#BriBfc;!fc*. 

[0 0 3 0] O^C. EH(C^-r^^^gffl2 2 0© 

^fwsjssflDa&siwrs. 02^ ^^sm^s^ 

^^g©Slliyn«>^BI&at-ro EI2{C33^T. IS^ 
50 fflb)R^loI©ii{i&^Ji-tSo 33T'tt^S:fS#(C-r 
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[0 0 3 1] 02tCfclvC, &33&BSff2 2 0tt. ft 

tc^-r sw^^^igu 500, if y has y stnEt 

&&%itffl 5 9 0 teJU^^-fb^ 5 8 0 tit. 74 V 

T'^^^g$:^ffl-rS#^Zl©<s^^F#fbSI5 5 9 
0 ££5£BM*!Hf$|S5 8 0 £©SP#te, ^fettE^S 

[003 2] : ffW^JH«W5 0 0Tl*. VSELP^ 
^PSI-CELPMt£DSM f^SMM^ 

iRi^-fb^T-fes i tc* a u -£*i-?-**i©/^ * - 

#©?^ G^n-K^y*, H^n-K^v^, 
fcS, Z<DWn<DMfom&*m&mt bxwensMi 

LTJ3<. 

[00 3 3] WW*MS3P 500 THi, #RH^C3HI 
*<&«F*£«»5 1 0. ^ >^£J:t>*H5£=i- 

n- ^^^gp 520, mmmftffirt?* - 

SP550, &B^?yfm&mt&&tirm?>rn 30 
^^&sp5 e 0, &£MRt^ir&m&mtm»5 
30, fej;t>; &*<m%*3>s.4tt&i&3&mto5 7 

0 

[0 0 3 4] WT, i®«F%IE«®«k:ov^T»W!-r 
«. 

[0 0 3 5] E|2tCfcVvt, f9^#I£gP5 1 0&, Ci 

5 1 0 li, $V >*f#@£n - K^y *«F*W#*>f 
#HJ£n- K^^««SQItiJ5 2 0, JiHm»a*pH 

o, «;^f-5i««;«3w&gp5 50, ssgfm^im 

So 

[0036] ^^»ifiy^ * -zm^mm 540 
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fiiaP 5 5 Ofcfc, £*S L &«*^-^MI'J(C 

«v jskhhh^ vmimm> seon am 

5*819 *W &»B U i^bfflT'&SjySMI^ ^ffl 

u y>r >?^h^=i - k^v vm&tim 5 2 

5 2 01*, SWSLfe^V >flF9Hje3- K^>v 

f^^»P3P5 3 oj^e,se«L!ej8»iti««>fi«ff>« 

-e^#«^i?&^'fbSP5 9 0 &au££KS&9fb& 
out fcffi*r£*i§ 0 d*tfc«k U'gftswtfbr^ 

[0037] fcfc Aii, v s e l p#se©fB»raF#i: P 

S I - C E L P^fc©§*flFiffeSSa^*##, V S 

E L P^©^^M#^©^«Av ;* - * (Ds<>7 

bnj&imzt. p s i -c e l Pttetm^mmi 

bMXHm%H SrSQftU V S E L P^©«;Mf# 
tPS I-CELP^©«*tfi:^U VSE 
L P*«®aBS3- >7<DmftWy P s 

I - C E L P -mtom&n - * ©jyfl^M^ 

PS I-CELP#5£K:;}3V^«, itfa-NVvflff 
^S:S6i:m6it*?>, VSELPMOign- 

«-^S:&au PSI-CELPM0i^3- 

«/NC-t««fc-5»C PS I -CELP^SlCfeWSflTt 

[0 0 3 8] oS*(C, 3BWia'J©S9IIIJC-3V^T» «3& 
[0 0 3 9] 03 tc, *^M(c^^^?ftl^/^ 

^ - it ^^msp 540 omttfu y ? mtr^t. m 3 

10, JTO»8l^^^-*^&«Wrsjg»f^ 

d&*f^^>t — «F**fjaEBP 6 3 0 Sr^-TS,, 
[004 0] jSB^SIKMffy^^ * - * fff^foSSP 630 



(9) 
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5 * - * tWjWaVt&ff/^ * - # ®^#?&m#T* 
M&3#^ -#©##rA^*-#£f|fs;#©;\'^*-* 

A'^* - # &fflV^#©##i7N 0 ^ ^-Jffii-i? U «y K 

5. * fcJ5ttr OJBW^aMMff * - * <Z>»ffiWR*W 
5R#©#ffi/\'^*-#^#^tv\'5*-* 

/\°5*-*©:i-* U y KrafeWfibhi:** «fc-5fl»S: 10 
[0 0 4 1] ftfetf. VSELPKtPS I-CEL 

[0042] VSEL P**SfW^ffctCfelt6JilB^ 

WftW* 1 ? * - * tt. 10 ikoBMim*) KliPAR 
CORfifiRJCJ:ya?fbS:fT*-5ii:tCj:»J#«b, PS 
I-CEL P*S«*flF*fb"eJi. 1 OtoLS P^5 

;i/*fA^*-#) fCJ:»JJt3^bS:fffeoT#«>TV^. 20 

^aOiRftfflaS/t^ fcJSIHHRKMff/t^ :* - * K 

jg»miiKMfr*9 * - * ^nt*** h ^#^9 * - * t. 

(DMfito&Bfrt? * - * fcJt&U a-*'J7 FEBBtf 

*/J> £ & S <fc e> IZMfiCDft^ SrjttfjSS «T ^ < ^ £ (C <fc 

l&ttttfi 6 3 0 (C^LTfe < „ 30 
[004 3] O^JC, H 3 Kifctimfffl&ffirt 1 ? * - 

[0044] H2fC^*8HH»»5 1 0{C&^T#It 
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* n frb XJl U ;* - *«HH 

6 2 0T-S1S-rs= SbK. iCWF^&MHHHBMMff/t 

9 * - 6 3 0 tis«-t*. jaumuBMffyt 

9mmtfx?*-*m&mmm6 2 o^fi-t 

*. fSUf^iBKMff/^ * -^iitf« 6 2 0 T- 

#f^5^-*tciSSaftU *fflSHWft©l?F#£SSItfe© 
rt?*-*t feJSBmKKMff ^ * - * fflSKis 6 1 0 
iUfS-TS. JBRB^8IKMff^5^-*«raW6lO-e»4, 
DintDout ©&9€&i&t&l&&»£, SSftS 

»s:ffv>, «F^eaeafl[ffliiiss:ff-5. 

[0 0 4 5] o^fC, ZlfflflFt®*IB!I^SSW-r*. 
P S I - C E L P**gp^RF9ffcT?|§e»*lfciS 
SS^M^A'^* V S E L P#5£g^?f#-ft 

CDJSB^M^^ - * «F#CSQft"tS«^. P S I — C 
E L P1$&&&fflHt\t4, 0ms fitC«F#*MSata*l« 
jW. V S E L P -^^M^mmfQM 2 0ms ^C?3W 
fiagSft*. Z\<Dtcth. 4 0ms#lCfiS£S*l5flF9*» 
& 2 0 m s »C^T*££^£^LT?f-*§-©iI2l[J£ 
tfft^. ^SB^?S!l^*f/N o ^^-^^^lft!imi56 2 0 

u mftm^Ktyt-tmrWimz 3 o-eaais 

*lfc*!HH:Crn-li:Crn ( n tt g«$fcT*2?> U . Crn- 
lte. Cm©— ogtf (4 0msBfj) ©ff#S:a*t") t 
U *®*3^^tlS»fKIK«f^5^-*S:a (mli 

a 0 n ~ ai n H Crnffl^h ;i/Hlt ©•< 
* h ^/-eSJ-t. 3 ©flF3 £ A^ ^ - 9 ©^ ^ h ;b SrlfcS 

[0 04 6] 
[^[1] 



Cr n -i= {a 0 ai as 



[0 0 4 7] 



Cr, ={ar 0 ai a: 



»5 GR2] 



(R 1 ) 



(ft 2 ) 



[004 8] r©^&glC, Crn-ifcCrnRI®^ 40*h;i/£ffl(,\ C r n-ltC rnt©^^-*© 5 ^?:* 

?3Ht-£Cr n -o.5 (Cr„-o.5li Crn©20msffj© «b<&^KlJ: 

«WS5Vt) tU 30MCr n -o.5&«fS„ 3 [0 0 4 9] 

fflflF^O^fiJElt. Cr n -lilCr n il©/^^-^©^;^* G»3] 

„ n — 1 , n 

<*i - g (i = 0~m) (S3) 

[0 0 5 0] Jg/LWCfcy, tfCr n - 0 .5mU ft ^ [005 1] 

4*»&»6Ca«r, Cr n -ii:Cr n -o.5i:Cr n i:©^- DR4] 



Cr.-,= {arr'aT ar'-ai'' } <«4) 
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[0 0 5 2] 



[0 0 5 3] 



(10) 



* * [j&5] 
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18 



« , n-O.S n-o.t n-0.5 

O r B -o.5= 1 a o a i a; 2 



* [i&6] 



Cr, = 



[0 0 54] mz, VSELP^f^ftOD 

P S I - C E L P^WW^-fb©ff#JC^| 
«WCPnH).5SB!ll»UTea|-*-*. tf*a 

*«^sjBS9waJ8 2 0 jciseu a <=>icd outAjn 

[0 0 5 5] ifflA^lC tfoDG£ill*Wj;Si^ 
icte, ^S:3iitrrs*» : bL<l4B!IISrt-*ri:K:j:»JSE 

[0056] o^tc, mjj&^wmms 5 o«^t 
gisis7 5oii, «F^as^®aaia[S:ff-5fe«>K:m*ffl 20 

&ffiP^S«^«fitr^|5 7 1 0, «#^<D^&£»? 

fsaP7 3 o**-rs 0 

[0057] «AfflF^*jcs9J7 3 oa&mmit&sm 

•e. MTiZxk-tJzSi&m&fttet. HSfcfcwr, V 30 
SELP^lC£tt£*^fite, RgO, Rgl, Rg 

jim^wmm^rty-izMLx. jtHtatvfiF^fts 

nSClt Rg 3©X;i!j^fiTfeS„ RgO, Rgl, 

fe, PS I-CELP^fCfcVVT, R0, Rl, R 
2, R3tC«J:y^tl-? J 4x^$tl-5-y-^'7U'-Art(DA* 
^(D^ft^^-(C^LT, *ffbS4T49HHba*l .40 
S©te, R'0, Rl, R2, R3©** h;i/*FfbT*& 
•6= H5Kja**J:"5fC VSELP^lCfeWSl-9-^ 
7 L/-Ail 2-9-^7 U-Ailli, PSI-CELP^iS 

tf), VSELP^W»e>PSI-CELP*5S;K:SQi"t 

S= 

[0058] R2= (RgO+Rgl) /2 
R3= (Rg2 + Rg3) /2 

RO, Rltt, VSELPMON-171/-A 50 



; } (»5) 



(»6) 



<t e> tcse**- * i t So 

[0059] RgO = Rgl=R2/2 
Rg2=Rg3=R3/2 

w<Z)«fc e> fC, **«re*fj£» 7 3 0 TftJ&C <fc 'J^f 

[0 0 6 0] H2tC^W94MK8lJ5 1 0lCfe^T4»t 
a*ifc«*«F^S:, Bl4tC^tf Di n#&A#U *ft 

mtim^mmi 3 o{c^i-rs„ *#«pif*ft&ffls7 3 

S@»S:fTV\ ^^©^&S*?f^^lfti»7 2 0 

**mt&. «*flF«jai8www7 2 0Tfii. go&gw> 
ntcmMmmi 1 ojc^m-rso «*'fiiwrasP7 1 

OT'll mtsm$ffl37 1 0<DDi niDoutfflff 

[006 1] P S I -CE L P^WW^b 

•e»&tifc«*«F*S:V S E L P#5£t^8Hfffc©*# 
8HtKSQJWS»&, P S I - C E L P ^f^ffft 
«4 0ms #lC«F9*«eaia*l6*^ V S E L P*SCW 

fbTte 2 0ms mz$teff&&Zft&. Z.(Dt=. 
«b, 4 0ms#{C^$tlS#^-^?>2 Oms^Cisjjl 
T*£Sf3Hf£^LT#^©^tJ£*T&e>o t3j*Lfe« 

3BtSS:*ltl/T3aftLT^*©T?, *:frfIffiraS5 7 1 
OTl^fcM^fc^-TSZil&C m*«!l©<SiiJS 

[0 0 6 2] ^©45a^fc#Jtt±riC, W%(Dm& 
feLfe»^Cl4. «AffiffiraSP7 1 0 (CSV NT, RTfC 

[0 0 6 3] WJjimm&Mfflgfn 20^ i: 

LTD i nj^e>5i«0«*«F^*ft6»7 3 0T»$n 
t^CP n -itCP n (ntta«8STfty, CP n -l 
ti, CP n ffl- offf (4 0msmf) <Dff#-&aVt) i: 
U ^©^^-r«*fii5: P (P n tt, CP n C0^^© 

x*^M^-r) ©x*^T'*-To zom^txti^m 

[0064] 
BR7] 



19 



(11) 
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CP„-,= {P"" 1 } 

[006 5] * 

CP, = {P n } 

[0 0 6 6] ZL<DW^m\Z. CPn-li:CPnS« 
ff5:CPn-0.5 (CP n -0.5^ CP n ©20msi© 
ffi^&nVT) fcU i®fiF9CPn-o.5S:*fiJWS. ^ 
©tW>£fiM*, CP n -i£CP n £<Z>X#^fi&fflV\ * 

pn-O.L P"~'+P ° 
2 

[0 0 6 8] Rhtcfcy, 8F9«:3y*U »1 0#&» 
1 2{Cgt-TCPn-lilCP n ilCPn-0.5^®-?-^tl<Z) 



CP.-F {P"" 1 } 

[0070] # 

[007 1] ♦ 

CP. = {P"} 



[0 0 7 2] a»tC. V S E L P*SWr*9HHb<D 

flF**»fc P S I - C E L P**^«F^ffcffl«F^K:Saft 
«F^CP n -o.5«:B!ll»LTeiJI"4-6. 

tlfc^F#h^«l$tlfe^i:tt**^^fjmi5 7 2 

[0 0 7 3] c^tC, «B^W9y«F^aa«P5 6 0JC 
3 JUSR^ t'W^m&M 5 6 0 (OflMB^n y * EI 

»ia-rsj8B^M5^«iaaiJ8io. ^samw^flre 
©^^M^t^^^M^y^^iOPSlss 2 o, 

[0074] ^mm^trm^mmssovi^ 

HTfMWS. JUHmW7y«F#CD«SB8J*. VSELP* 

L a m i n < L b m i n tzfzV La 

[0 0 7 6] 
BR14] 

L a m a x > L b m a x (»l4) 
[0 0 7 7] 
BR1 5] 

LaminSLagLamax (ftl5) 

[0 0 7 8] 
BRl 6] 

L b m i n <j L b < L b m a x (»|6) 50 



<« 7 ) 

* B&8] 

(»8) 

* C P „-l ^ C P n £ <Drt5 * - Z <D^t% S&jStC «fc 

[0 0 67] 
DR9J 

(»9) 

* [0 0 69] 
BRl 0] 



(S10) 

a mi i] 

(BID 

♦ OKI 2] 

(IS 1 2) 

*#3SfcPSI-CELP*££K:;!3lrvr. M&£^§£- 

^Mff?a!i5yK:j:*;«iwsna«iB7Y;b#t*, z-n® 
aHHSHKifcv vtli, v s e l p^sfe&SH 1 ic^fW 

WW#A 2 0 0 ©SHB^M^ <D«8B#L a m i 
n^L amaxiiU ^^JUJHHW^yftHf &L a 4: 
U P S I -C E L P^-pftS^RWIt^RB 2 4 0 CD 
^Jffl^Pif 5 ^(Dfgfflti Lbmin^LbmaxJlU 
^C0jy^fflJ^?W#£Lbfc-t6 o Lamin 
tLbmin, tiKliLamaxtLbmaxfflSi 

Ntt2RJbfflS9R"e*y, ttjKlcSytStis-liire&s. 

[0 0 7 5] 

OKI 3] 
minxN^Lbmax (gfci3) 

[0 0 7 9] JJBfcfrT*. VSELP#^©*J*8F*§* 
A 2 0 0(D^g^?M^^#L aA^PS I -CELP 
**©S?»1lflB2 4 OtffcBKHHII^y, ##Lb n 

[0 0 8 0] oS?JC ;*gfe^£;J5tf&^&8lHlJ©7;i< 
JUXAS:H8&#flaLT8JWB-ta. 08 *fJ23UW 
©T^JUXA^-t,, r3T'Lb n -i(t Lb n ffll* 



(12) 
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[0 0 8 1] La&Lbmi nfcJfcRl, (,7srv 

^9 10) , La<Lbmi n T'&tltfX-x- y ^ 9 5 0 
iZ&ftU Lb n ffli5:LafflNfi:^t§ (Xf-y 
^9 5 0) o ^Z1T% Ntt, gfcl 3(C^fNT'@^fflT' 

fe'J, H«K:«ky«isa36Hi«:#«)Tfe<. ;vx-y 

^"9 10{Cfc^T. La<Lbmint'4l^ f& 
t)t>L a^L bmi nlf&tUi, La>Lbmaxt'^ 
S;6^J£lfi£:<*€>fCf?&3 2 . La> 

LbmaxCtS, L b n 0>fl{£, ^otutf)L b n -l<Z>fit 
t-rS Uf7^9 3 0) „ La>LbmaxT' 
Lb n CtfiS:La©|ii:8H£*S (x-x- 
>y^9 4 0) „ «*ffT«fllS:ff«r\ Lb 
L-fcfft. &jg£*lfcLb n £, o*©*>^;UflKD33ft 
©MSIicfcWSLbn-iiiU 5K/<y7rt*«l/T 
fc<» tujz5LfcX-T->y^9 3 OtCfeWSLbn-lli, Zl 

[0 0 8 2] Lbmin = 2 0, L bma x = 

14 6T% Latfl4X°2bZ>m&lZ, N= 2 
Ts^rVfZ 1 OlCfctvT, La<Lbmint*5tl 
TXfv^9 5 OIOBffU Lb n <Z>fii£La<Z>2^tf> 
2 8 £8y&tS„ Ntt. ^S$W>S/JMitL bmi ntf)^ 

fc<z>Wu BI9 izjjk~?£. o iz^pum^o^-pf^vT-nrnM 
fficj:5c 3©fc«>, Nti. 2JSO:©^T'fe*l«i: 
v\, BI9{Cfe^T{^ W^^©tf^MJ8*:^U N 

MBS 2 N sK>f > h (c L-T fclBHKMte ^ £ £ 

[00 83] 08 IZ^? <fc e> fC, »ffiSJ|fl7 

[00 84] otric in 6 ic^-riyg^Mr/ vmrnm 
gP5 6 owKf^srswa-rs. 

[0 0 8 5] H2K3W§#«»5 1 OtCfe^T^lt 



22 



* * tmftm? vmrmm s 3 0 {cami-s. 

vw^wmmn 820 /vssfrt*. jwhhbi^ 

VW%miMm!> 8 2 0 T'tt, £8tft0>£ffi3HR!f? y«F 
8 1 OtCiUm-TSo :B«H»ffl9i*tll!HI»8 1 0T?tt. D 



10 4x&^[C#3£^^fc^OT^*fefcM9F#©ffl 

[0 0 8 6] o^fC ^8^M^y«r^P8 1 OlCfctf 
SWfflttrftfeSilB-r*. mti. P S I - C E L P#5£ 

««IWb'r»e>*ifcf8tB5HiB5yffl : ^& v s elp^ 
&wmm0>£miw?rmzK3mrz*k&* ps 
1 - c e l p^t^ff<tii4 oms $wc«F9#eas 

S ft* V S E L P -fiiSmPW^i fClt 2 0ms»C 
n^tHB&ZfrZ. ZCDtzVK 4 0ras#^SW 
2 0ms «JC^£"eSS«F^S:^jaLT«F^© 
20 ilflD&fJfcS. HI OKU VSELP^tCfctfSjy© 
^f^il P S I - C E L P^Cfctf SSSMI 
9 y«F9fc fejgVT. V S E L P^tCfctfSjy^iftl:? 
^rawi*. ■en-?IX®-9-y7U-AWC«^TLao, 
Lai, La 2 > L 831CJ: y-t4vP4xn*S*l<5. 
PSI-CELP^JfCS^Tti, Lbo, Lbi, Lb 
2> Lb3»CJ:y-e*l-6*lwanS3W, ffftfiUfeJ^lCff 

^©easa«E#v sel p^ss^ y 

«FSaSHMW» 8 2 0^, PSI-CELP fctt 

30 M^*f^*ff£8P 8 3 0 T'V S E L P#5£{C^g|£*lfe 
ff5:CLa n , CLa„-i (nttB*8KT*»y, CLa 
n-iti, CLa n (D-otu (4 0ms«Sf) ©ffiW&^f) 

[0 0 8 7] 
OKI 7] 



n *~ 1 1 n ~ 1 
3..!= {L a O Ul 



[0 0 8 8] 



^40*« QRl 8] 



C L aD - {L^o L^ 2 Lj 3 } 



(»I7) 



C»)8) 



[0 0 8 9] i(0fiF^S:»C, CLa n -itCLa n » 
M^&CLa n -o t 5 (CLa n -o.5H CLa n (Z)2 
0mstu(7)^$:^-r) fcU ^OD^C L a n - 0 .5§: 



[0 0 9 0] 
BR193 



23 



(13) 



#l?8¥ 8-14 699 7 

24 



n-0.5 



= L aO 



n— 0.5 n 

L al = aO 

n— 0.5 n 

I n ~ 0 * 5 _ , n 



)> (»19) 



[009 1] 



* * BR2 0] 



n 
n 

L a3 



= L a2 

XI 

= La2 
= L o n 3 



y (»20) 



[0 0 9 2] VSELPMfcPSI-CE 
LP#ajfcfCi3VVtBll OfC^J^tCJUTON^fff 

#©ea»LB6&^*<zn?, wm.(D&% m. 1 9 fe* 20 

tHR2 0IC;£Vvr. *ia©M) *»&ff9CLa 
n-0.5 QRlOJC^-tJfia) &£fi£U 3£{C, CLa„« 



cu. 



= {L."c 



n 



[0 0 9 4] 



C L an = {L. 2 



[0095] * fc, vsel Ptt^imihta&Zfr 

e> P S I - C E L P*SCWW#f b®«Ff-lC jQil"tS» 
*1*Di nj^&A*a*lfc|gF#tt. VSELPM 30 

fcewsBJB^iH^yfflF^i: LTD i nfrbsmts'tu 

-gffl^W^Wmftl&fflS 3 OTPS I -CELPPJ 
^KS»3ftfeflF*«:CLb n , CLbn-1 (nttg«a»fr 



Uf^CLa n -o.5^ffCLa„t5:l2 1fe < ]:yl2 

[0 0 9 3] 
GR2 1] 

, lTi , "-^ J («21) 

★ G&22] 

, lT 3 , L a " 3 J (»22> 

tVr*&»J, CLb„-ill CLb n ©-oif (4 0msi) 
b (Lb n lt h;HSft£aVf) CD'** M/7f* 
[0 0 9 6] 



[2 3] 



r»i r i n-u ;> . , n-0.5 n-0.5 > 

OL bB . 0 . 5 =: { L b0 ,L bl Lb2 ,L b3 j (3fc23) 



[0 0 9 7] 



♦ ♦ GR2 4] 



C L bn — { L ho > L bu L b: 



• b3 



1 



(»24) 



[0 0 9 8] ZCffiGKttiZlkittZ&'tlBmiZX. V® 

[0 0 9 9] 
[15(25] 



a — max ( b , c ) 



(»25) 



[0 10 0] IIT?, b, ctt. Jr&gSfcfti©^? h;uM 



[0 10 1] 
40 DR2 6] 

a = mi n (b, c) («"> 
[0 10 2] i©S;S:ffl^l:»2 3i:»2 4fCJ:»J, *i 

iBfSMDSrfcfc'** N;i/©^L n &iK2 7^e>st3 otc 

[0 10 3] 
BK2 7] 

LbO 

[0 1 0 4] 
50 GR2 8] 



n-0.5 n-0.5, 

max (Lbo , L bl ) 



(»27) 



25 



(14) 
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Lbi 



max 



(L b2 ,L 



n-0.5 



) (»28> 



[0 10 5] 
0R2 9] 



max (l"„ ,Lk! ) (»29) 



* [0 10 6] 
G&3 0] 



L b3 = max (L^ 2 ,Lb 3 ) (»30) 



[0 10 7] 

C L#bn — {Lbo , L hi t 
[0 10 8] £#S*lfc"«* h)lfr<b. W3 1 iZjjk-? «fc 
e>tCCLb n £3g#fU CLb„-o.5&ll!lllfr*&. 

u Do u t^aj^jsti-So 

[0 10 9] £©J:31C ffifrD&mgt&Sttte&Vfe 
[0 110] o^ic, y-f>^H^n-K^y^^ 

^SP5 2 otc-p^TEai i *mmLxwm^& a mi 20 

HVv **HHQftT?tt, V S E L P^fei 
tKP S I -CELP^<3D#>Cr©^tCfcWSigf53- 

hVv * fciOWn- hVv * lc j: y , iil^^ 
ic, BfiHI#t:^*SifcK±y3Qft«:f?fcoTv*s 

UTSBft Srff <fc 3 «fc 3 Kl LT*> J: v \, 
[0 111] HI lKfcwr. y>f>«F^H3£3-K^ 

«v zzmmm 52011 A*snfe«F9ffc*«fiK:«fc y 
4iastisA*B8ie««4ri»iJi 000, mmoim 

0. x^mmmmm 1000 nmmms&ts^sat. 

flS 1 0 1 0 fcT?* 4x-f*ift«Stifc«^©SaMS:tM(C't 

siRStmwi 030, wmm& 1 0 3 ox- 

mz&&vjyw%mfe^-\ : 7vv&^*m{-*z>wk 40 
mMfmwmm 1020^ 

[0 112] 01 i{c&v>t, A^ffiHifr^M-^^SP 1 
0 0 0(1 A*S*ifef?F#ffc*»(CJ:*iilS3-K^ 
* A 1 0 0 1 £ F? % y £ A 1 0 0 2 M 

*&*Wi*-*iiWHBA 1 0 0 3 ££tfffM6ttB 10 0 4 
fc. J&KffiA 1 0 0 3 £J:tfffNHgB 1 0 0 4 ICfctf & 
JfWWs&IWllW-Sfc*©^ >n- >v i'Al 005 

aaitflW)«F9fb*i56JCJ:S3tt53- K^y^Bl 0 1 1 
fc-fc tfBJfea- F"7">y ?Bi0i2t flW«:*!MIWS 50 



* GK3 l] 

Lb2 , L„a } (»31 ) 

m>m$c 1013 &&z&wmD 10144:, rn^c 

1 0 1 3&&Xfimffir> 10 14 IC;J3tt&*tNB*&ffiHI|l 
tfifeftffl^ >a- HVy^A l 0 0 5i:^t^ 
fffctl*. VSELPMA^PSI-CELP]KlCf 
*t*«^JCJ±. A*ffl!Hajgfe^^cSPl 0 0 OT'tiU 

v s e l p^tc j: yni^fs^&^cu mjiwmm 

%&OB 1 0 1 0 T'tt, PS I-CELP^fCiUMl 
fifS^fc^dM-*. P S I - C E L P*S»C «fc y JM§ 
a&jc. Sft^gtn-F^y? 
&fc#U £©H*gF«3- K^*Jca&2wC, 

[0 113] HI HC^tKI«ffllM^S:IHW-rs. HI 

i tc s v \x, m 2 kjsvwhhiiw 5 1 o - wans 

;RI!ffRW9*W*tt. D 1 i nfcA#S*i»B£=i- 
•y^AlOOl -eafBStiS. iSSn- F"7V V A 1 0 

*&ffi:frr*. H2fo^t$f-^#&tg|5 5 1 0T^ 

iBSftfeBJfcn- K?y*##tt. D2 i n(CA*35^ 
HJgn- K^y * A 1 0 0 2 H^3- F"/ 

7?A1 0 0 2T?l±. -£©05tn- K?y*flF#Kjtft£ 

ufcBSHi^&ffi:*"*-*. H2(c^-r^^iigp 

5 1 0T?4»Sftfe4V>«F9tt. D3inlCA*£ 
ft, y-T>r3-F^y^Ai 0 0 sicjstvrftfBStu 
y>f >a- K^yi'A 1 0 0 5T'te, jftEa- K^vf 
A l 0 0 l *»6©aiEfll#i:BS3 - K^v ? A l 0 0 
2^&©BfcBMS^4:©*«S©«!W&fflv^T**i*tvff 
■5. ■€•©#:, *fipa#|A 1 0 0 3 £fgflf@giB 1004t(Z) 
^©S6®fS#5:^U Mftiafg-^EXASr^-rs,, 
[0114] m*{UJE&iefg^^S|5 1 o l 1 1* 

it H2 iz^t-Bm^w? vimwm 5 6 0 feasor 

3 0$:/MTD4 i n&CA#£*U il^n-F^V^B 
10 11 T'^SSn-So iiJCSn- V7*j9B 1 01 IT 

ffl*i--&o @5£=r- ? B 1 0 1 4 li MgR/Jvf? 
#3HRflSl 0 2 0(C<fcyS#?£*l£«lCLfc#oTl&)S 
flt&lfJAU *fc^-f>3-hVy^B 1 0 1 514, 
^S/Jvff-^SWilP 1 0 2 0 {C «t y aRatifetttc Ufe 
*«oT*Wi»C 10 13 £W0»D 10 14 i:©^ 
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tnmtz. mmc 1013 hwbrd 1 0 
[0115] Atiwsmim&mx'm&ztifc 

S4x*aS»*EXBfcS:JtjRU SUSfffttOSl 0 3 0 
T**he>©»£S:ftJWS. »8HbNaF*jWS& 1 0 2 

0 PJIj^/Nc&S «fc *> icgjgn- K^y * B 1 
0 14^>3-K^*B1 0 1 5 fc©flF5&aHR 
U DloutA«ffi@^3-K^^m * 
fc, D 2 o u t A^>f >|ff i: n-fftffiWS. flR 

m^EXAtmmm^EXB tzimtt&z mz£ y# 

[0 116] Z*UC<fcy, SQ»ft©iaS3- K^v 
[0 117] S2(C^1-^#MSP5 7 OTf*. 

- znsmwsB 540 -^aftstifcJsiB^aiKMff 

y b u ea&RflFiH Cffls 5 9 0 <fc y % w& 

&mm<Dm y ms r^izm^^mn^ 
mznz>o z<D£?iz$m-tz>z tizzy, sfjgrow^ 

[0 118] HI 2&C, «6SLfeflFfaSftS/A-T-i»«:Se 
StSfcftCDA- K^lTiffe?)- ffil&^f. Ell 2{C 
Ewt, ff^MA-^x71 5 0 0H BtjizEL 

o^aa &fr* e> d s p 0? 4 v 9 & %/ Vi-^u ± *j 

■9") 151 Oil, DSP15 10ICfi»6«fl|^Dy5 

iv A^-^fectoM^g^&iaii-rs^^y 1 5 

T, Cin*»e»A*a*lfe4SF*l±. ffififiLfcSISfiftHCw 
t-^Oa&DSP 1 5 1 0t|?otf#5:^U Cou 
t/\atfrf&w ifflDSPl 500 

[0119] £©«fc -5 jcty, A-K9X7 

[0120] uLt. m^mmm<Dftmmmitmmi,T 
[0121] o^c, w^saiaaBSrJpJMbfe^-f $;* 
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fiil-r SCOT', -5^ V # Jl U > * T'&£ £ £ £*@#{SMC 

[0 12 2] 01 3{C, JWfeS^FJSrflF^fKfeS&J&f S 

10 Qgl^^AS 00j3iDW*B34 Ofc, ft$9§ 
*£MlT^ff £?T&e>M§M^A3 1 OfciO^g 
Sif^B 330^ nf£«t&S9»3 2 Oh^ft 
■5= 

[0 12 3] «*A3 0 0&, ?3F#<fb3£gA 3 0 1 
£#tSo ftfiNHSttSAS 1 0l*ftF9gat3g|E3 1 1 t 
«HHfcSSEA 3 12 Sr^-TS. MSS^B 3 3 0 «?f 

^tiseB 3 3 i #g^asi;fcB 340 jasta^ft 

mMB 3 4 1 S^TS. 33T'^Sg*A 3 0 00)^ 

fbsais o i tMM&mmA 3 1 o<z>??#fb3£g3 1 2 

20 (in U^BSflF^ft^SrfflV ^^flF^fcSSir?* 'J , 
«AKP S I - CE L P^WSFSfbfcSaSUfcflHi' 
flaSK*fettV S E L P#5Sre#^b&^Lfc«F3 
fbSatT** «fcV\, ^S%^B 3 3 0©4f4Hb=!£fi3 3 
1 £im%$3iB 3 4 0 (Dft^lKgm 3 4 1 ttH DW^fff 

b**«:fflv *fc#*&RF»f b§s«T? & y , a 3 

0 0 tMSS^Atc^l-s^^awW^^-fb 
^fcJ^S*>»^b^S:flWLferaHHb$atT?* 
■g> 0 MAldm^A 3 0 0 ©^-fblSeA 3 0 1©f 
^^'fb^tC P S I - C E L P^W^^-fb?:*^* 
30 L^^*B 3 4 0 (D^^mmB 3 4 1 ©W^^-fb 

^cv s e l Pttm&m&tzismttiitt&i&m 

A 3 0 0 ICV S E L PttSmplWftt. WffiffiJfcB 3 4 

o iz p s i - c e l p ■tt^m^ittmn lt % * 

[0 124] Hl4tt, HI 3{CfeftSi/^A©il!S 

«^A 3 o o^e>«^ag^B 340 izmfrfz^mtt 
-r. mmmB 340 a 300 tcg^-rs 

40 #PlMtj|WI#{C^f^X-2>c 

[0 12 5] E81 4JC33Vyr, 10(t 
«l«SSg*A3 0 Ofre>©»PfK#tf»&fc, 3^«lil3 2 

o&iiLT«6Ma6«!»B3 3ojc*fu mmmmBn 
^ttt<Dffl\,^t>^zft&ofe&(mMmimBm5 

ft**R*4 0 1 £#8t- « 0 1). *^S» 

ttUB 3 3 «S^B^-fb^SI#4 0 1 

Z^M+Zt. im^B 3 4 0®W«»fb*iCS:i« 
Bet. ^©W^^-fb^&ii^i^-S^Atc, 

MA 3 10 tC^LTjt^^B 3 4 0 ©WW^-fb^ 
50 ©iitglJtf$g&f^LfeMSS^B^^*^f5#4 0 



(16) 
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2*mtV,?$> U-r<y^"4 0 2) . *mm^MA3 1 0 

i*, mmmm b #^b#3£« 4 o 2 £g{ti&, 

«*B3 4 o®«*ffiF^fb*iW. ^a§8*A 3 0 00 
«*«F3f b*S £H&s ' £ £*fcffi u flPSfEBBAK: 

.fcSHWfb&JttiLU &3IB«£B3 1 1JCJ:*;«F«3E 
$£4?&friiSJ:e>lc^#>t^£?7fce> (X^-v^4 

0 3) . S^tC, MSSSi^A 3 1 Ott, 8»RB3 
4 0©**BRF^b2nS#. i^A3 0 0©^/Sf34§- 
fb*£i:JI&S©T', &$§5S^B3 3 0{C;#L4g«K 
i&©B 3 3 0 KlSreSflT^SflWKRBa 3 1 {C <fcS 10 
*^b&«»§itlfc*-**-K«!te+*fcft»C, «F*fb 
I£«B^ffl*t±^#4 0 4 fciUffi-TS U^yTM 0 

4 ) . fmmmmB 303^ &^bsgKB&m$iiiji 

#€:5tfiLfc»#KH*. »fb=£«B 3 1 1 {C £S?3^ 

fb£*ffc;b&^j:e>K:fflj^LT3a£$$3 2 o*»e>©flra 

fc*©**J»l386t*B 3 4 Cve^S^- K"e»S-r 
>T^#;i'X;i/-^-K©f85£ ; Mr5 (Xf<vy4 0 

5) „ 3£>{C, M§JS«^B3 0 3te. Mlffi±fi^A3 

1 OtcMU 4f^b^gB#!m£tltg*4 0 4 tC*fLT 

iWfrxn,-*- KfeHfebfc^fc &a%-r«-#-e» 20 

6) , m^*b 340 izmam^i 0 s fessm-rs 

0 8) . &MI£i&ftA3 1 0«, ft 

ifcgfii&MB 3 3 0 j&*e>©7V FKjfeS: 

sfm m^sg^A 300 tc*f uemffrafcism-rs 

Uf-v^4 0 7) . 

[0 12 6] ,H<Z>J:-MCLT, Mga«6©r^Cfe^T, 

«£ictt-e©#5»&fTfc e> j: e> (C|gS U «C©f b£ 

*T&;bfc^J:?K:I^LTfc<;r£#T*gSo ^©cfc-5 30 

5«*Mt't)T^ 2>"#;b2 y >*(c^rsr £:&<£ 

[0 12 7] o^tC, #3©£jfiW«:SyB-r$. SS3© 

V S E L Ptttftmimw S E L P#5$i: fctffxS 
^^'#;i/1z;i/5«{fS/X^AT\ 5R3?©VSELP* 

[0128] hi 5c &33&ti£ff&ffi;*.. b#*:# 

016iC, a«©VSELPM 
fc#BHB*&©v s e l p#5£4:©7 u- A©^y 

(oaumtBt. 01 6fo5vrj:e>ic, b^sss^ei 

^S^T'ii#^©7l/-AtC*ft--5^-y hBKfcWJtfc 
y, #BBBf^##n-K:/y*#lo#v\ £ 
©fcib, 7l/-Zac*hr&l^y hIH#te4SmJt©4S& 
h U- MCJ;.5©T:\ tifi&Lfcfg 1 ©HSfeMtC^-t 
*£aaftffl©*ll8BMC J: y \£v bls-h SaSHfe©^ 

-So #IH£i*&T*te:3- K^y^*Uc5#Vx©T\ 50 
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0 1 1 tc^-r^-f >^@®n- ^aWS&IW 5 
2 0fcBfj»c Hi 7lCjp%-*-J:-5»c A#«©ajBflHJ 
fcffi;2rtll©aefI*4:S:* 0*^&©n- K^vfi 7 

0 0 £.%mW&<D3- V~f*>Z 17 1 Ofc^tFl 720 

mmowm^ *imtz> z. t tc * y -e©it#=«/jNi: & 

Stolen- hVvf ®«F9«:3Wl+*J:'5*C-tWi«fc 
[0 12 9] 01 5{C&WT, ZL©^X-r-Ali, 

3a»fefT*-5!iwsse*A 110 o&zvmtm^B 1 1 
9 0 si^*^MST'afs^f^e)*^»^A 1 

12 0 33 itfMlgife^B 1180t P?$r^1-S3? 
^A 1 1 3 0fcJ:tf3iaft«B 11704:, 

sfbL*fcH#aw-s#»bsatA 1 1 4 os^o^a 

fblggB 1160t, #£^bSHR8«:jfiMS«seiS» 

115 0 4; Sr^fSo 

[0 13 0] ftffMgfcA 1 1 0 Oli, H*^&©V S E 

1 0 1 SWJSS&^A 1120(1 H*^©V 

s e l p^ic j: y «^ffc/*#fbS:ft«5^flF^fiaeB 

A 1 1 2 1 il, a*^© V S E L P*S;4:^H^© 

v s e l p^t®«^»&fj*^«F^sai8as 1 1 

2 2tL%m-?Z>o m^*B 1 1 9 Oli. ^ia^ 
^©V S E L P#5£tC± »J«^fb/«#ftS:ff«:-5«F4|- 
-ffc^SB HOliWU MS&USB 1 1 8 0 14. m 
mWfe<D V S E L P J: y «F^f b/*^f b ftfT* O 
?94Hbi£gB 118 1 5:^^So 

[0 13 1] 01 5tCfcVVC, ^^g*A 1 1 0 0©^F 
^-fbSgA 110 1 T'0*^&©V S E L P^lCfc y 
«Wa4xfe«plft±. *?J«^A 112 1 (DW^Wm 
Sail 1 2 2 (CfeV NT, 3KM^&©V S E L P^T'dS 

mT-^s^ic^istu srn^A 1130, gmxm. 

BA 114 0, ^3IS&1 150, #fi-fb^eB 1160 
feiOx^lB 117 0 S:^LT*5igS«iMB 118 0 
tC-KI^^So *«SWSB 1 1 8 OTtt. «F#fb«« 
B 1 1 8 1 S:«ffl-Br«i9ft«B 1 1 7 0^&a©Lfc«F 

*iwws{*b 1 1 9 o^eiii-rs„ ^3§g^ 

B 1 1 9 0 tt5WBLfeflF*fre>#BHg*&©V SELP* 

[0 13 2] ««|«(Cj:n»i. ^taF^fbJ^R*:* H 
*^©V S E L P*^il^|lI^S©V S E L 

So 

[0 13 3] offjc, H4©^S6Wcc^TI5i^-rSo 
018}C, ^^^SSrWiift^x^AfCiSMLfe 

[0 134] 018tCfe^T, «^ifi^>X^Aii, 
5:^1-S^^A 1 2 0 0, £8MiB 1210, 
IC1 220 «fct>'S^D 1 2 6 0fc. af§3g*©« 
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8HRA1 2 3 0£Jttflfi|B 1 2 4 0 £ S^TtS. 
[0 13 5] £$$&A 1 2 0 OfcMfr^biStA 1 

2 1 1 £$ac 1 2 2 Ottff^-fblggB 1 2 2 

1 £«U a&HP 1 2 6 OkMSHf-ffcigSA 12 5 15: 
SiM&B 1 2 1 Otefe^^ggl 21U, 

11212 £$$IA 1 2 0 0 ftOf^-fblSSg 

A 1 2 0 1 fc, 12 5 Ort®RF#fl^aiB 1 2 

1 2 2 0 fcffl8F3fb««B 12 2 11*. ^FJSWHHfrSfjSS 10 

mznx\^T%m?itir&v>?m\*. tm^fimi 2 

1 2{C&e>fr£&^£;ftTV<>.5„ 

[0 1 3 6] 01 8(Cfcwr. «lg1$A 1 2 3 0 

1B124 oisrawsi-sste, «is«sa 1230^ 

A*StlfeW^tt^«mA 1 2 0 0|*©«F*fHSKA 1 

2 0 1 T*SWM:Sft. £SS$|B 1 2 1 

msns. 1210H mffitnmmc 1 2 
2 0 ommttt *mmm 1212 &«hu 
ikfr&wm&zztztk&u imw&mmi 2 1 1 & 20 
mm Lxw^itttzwm-tz z. £ £&sir£o 3« 

A 1 2 0 Ojfc&flDflFW*. &at»B|*©*f3S8*£&H 1 

2 11 T'ic^C 1 2 2 Of^CD^-fblgfiB 1 2 2 1 T* 

2 2 O^flJStlS. £$#IC 1 2 2 0«®«F^ia6« 
B 1 2 2 lTtt. Sffbfc^&ffiVVgRW^C^ 
U «fg^B/NiHai-t-2>o 

[0 13 7] «IS«A 1 2 3 0 t.mmC 1 2 6 

0H7?iB&t<&«^, £&»b 1 2 1 oii, mm&mm 

12 12 $r#Mf S dillCj:*) t#5£#HF U T* 30 

gUSgl 2 1 1 &ffl^fcl,vr*38&BiA 1 2 0 Ofr&OttF 

^&-?-©s*£8i$$d 1 2 5 o^aim-ts. $&»D 1 

2 5 0 ftflOfSFBfbiaBA 1 2 5 1 tt. bfeia^&W 
^*»C«^L«B«C 1 2 6 O/VoSffi-t*. 
[0 13 8] 2*3Q6Wfcj:*tfi. 8HHEBa&!t«:«Kii 

[0 13 9] o^C. f^^ggfe^O^fifblggS: 
fit*.. *fiflaSBlc«WSH«aaBS:fl|jt*t&^S:«K:t 

So 

[0 14 0] Hi 9tc. **S6WKifeW<5^MSl«2/^ 

xt-ah aff^^T'&smts^A 1300, mmB 
1370 fe«fcot«is^c 1 3 8 o n^m-t^m 

«A 1 3 1 0, £&«B 1 3 6 0 fcitf^i&BiC 1 3 4 
0 4:, ^- * £#»b L g fett#J**-6#fifl3at A 1 

320, &mi\MMB 1330 fcitf^sffcgyac 1 3 
so^&^g-rs. 50 
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[0 14 1] 4fc, #*fbI£gA 1 3 2 Ottf^-fb^g 
A13 2 1?:fU #S^gB 1 3 3 0 tt^^g 
fil33 1^U Mft^SSC 1 3 5 0 tt&9fb£gfK 
B 1 3 5 1 Sr^-TS. #lftiSA 1 3 2 0 WOflFlHt 
iggA 1 3 2 ltt, *J*raF^#l*A«:*§ISLT^.5„ 
#fi-fbI£gC 1 3 5 0 rt®fiF#fbSSKB 135 111 * 

aSStiTV^S. EH 9 fcjaVtflftftt, mts^A 1 3 o 

0 ZWMmB 1 3 7 0|8T«fflBi-*«^, 3iimA 1 3 
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(54) [Title of the Invention] 
and code conversion system 



Code conversion apparatus 



(57) [Abstract] (Corrected) 

[Object] To provide a code conversion system which allows 
voice communications without reversion to played back speech 
in voice communications between speech coding systems whose 
quantization values or quantization methods differ. 

[Constitution] A code conversion apparatus which, in 
cases where there are a first speech coding method and a second 
speech coding method which perform coding in which the 
quantization values or quantization methods differ and which 
are code excited linear predictive coding methods, converts 
multiplexed codes according to the first speech coding method 
into multiplexed codes according to the second speech coding 
method, wherein a code division section 510 receives an input 
of multiplexed codes encoded by the first speech coding method 
and performs code by code division thereof; and a conversion 
section 500 converts the codes thus divided by the code division 
section 510 into codes according to the second speech coding 
method in accordance with the relationships between codes 
according to the first speech coding method and codes according 
to the second speech coding method. A multiplexing section 570 
multiplexes the codes according to the second speech coding 
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method which have been thus converted by the conversion section 
500. 

[Claims for the Patent] 

[claim 1] A code conversion apparatus, which converts 
multiplexed codes which have been encoded by a first speech 
coding method that encodes a speech signal by performing 
analysis of the speech signal by means of code excited linear 
prediction at pre-established analysis time intervals; 
dividing the speech signal into spectral envelope information 
and spectral microstructures ; and multiplexing short term 
analysis codes that are produced by quantizing and encoding the 
spectral envelope information, electrical power codes that are 
produced by quantizing and encoding the electrical power of the 
speech signal, long term predictive lag codes that are produced 
by quantizing and encoding filter coefficients of a long term 
predictive lag filter in accordance with a pre-established 
predictive lag range for the long-term predictive lag filter 
and that express the spectral microstructures, and gain codes 
produced by quantizing and encoding the amplitudes of the 
spectral microstructures, into multiplexed codes according to 
a second speech coding method that performs coding in which the 
quantization values differ from those of the first speech 
coding method and that is a code excited linear predictive 
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coding method, the code conversion apparatus being 
characterized by comprising: 

a code division section which receives an input of 
multiplexed codes that have been encoded by means of the first 
speech coding method and which performs code by code division 
thereof; 

a conversion section for converting the codes thus 
divided by the code division section into codes according to 
the second speech coding method in accordance with the 
relationships between codes according to the first speech 
coding method and codes according to the second speech coding 
method; and 

a multiplexing section for multiplexing codes according 
to the second speech coding method which have been converted 
by the conversion section. 

[claim 2] The code conversion apparatus according to 
claim 1, characterized in that the conversion section comprises 
a table that indicates relationships between codes according 
to the first speech coding method and codes according to the 
second speech coding method, and performs conversion by 
referencing this table. 

[claim 3] The code conversion apparatus according to 
claim 1, characterized in that when the first speech coding 
method is a Vector-Sum Excited Linear Predictive Coding (VSELP) 
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method, and the second speech coding method is a Pitch 
Synchronous Innovation Code Excited Linear Predictive Coding 
method (PSI-CELP) , the PSI-CELP further comprises noise source 
codes for quantizing and encoding a noise source component in 
the spectral microstructures; and wherein the conversion 
section comprises : 

short term predictive analysis code converting means for 
converting short term analysis codes encoded by the first 
speech coding method into short term analysis codes according 
to the second speech coding method in accordance with the 
relationships between short term analysis codes according to 
the first speech coding method and short term analysis codes 
according to the second speech coding method; 

electrical power code converting means for converting 
electrical power codes encoded by the first speech coding 
method into electrical power codes according to the second 
speech coding method in accordance with the relationships 
between electrical power codes according to the first speech 
coding method and electrical power codes according to the 
second speech coding method; 

long term predictive lag code converting means for 
converting long term predictive lag codes encoded by the first 
speech coding method into long term predictive lag codes 
according to the second speech coding method in accordance with 
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the relationships between long term predictive lag codes 
according to the first speech coding method and long term 
predictive lag codes according to the second speech coding 
method; and 

gain code and noise source code converting means which 
generate excitation codes of the first speech coding method in 
accordance with long term predictive lag codes and gain codes 
which have been encoded by the first speech coding method, 
generate excitation codes of the second speech coding method 
in accordance with long term predictive lag codes according to 
the second speech coding method which have been converted by 
the long term predictive lag code converting means, and output 
gain codes and the noise source codes according to the second 
speech coding method and whereby the error between the 
excitation codes of the first speech coding method and the 
excitation codes of the second speech coding method is 
minimized. 

[claim 4] The code conversion apparatus according to 
claim 3, characterized in that in cases where the predictive 
lag ranges of the long term predictive lag codes of the first 
speech coding method and the second speech coding method differ, 
the long term predictive lag code converting means judge 
whether or not the long term predictive lag codes according to 
the first speech coding method are in the predictive lag range 
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of the second speech coding method; and, upon judging that the 
long term predictive lag codes according to the first speech 
coding method are not in the predictive lag range of the second 
speech coding method, the long term predictive lag code 
converting means convert the long term predictive lag codes of 
the second speech coding method to fit into the predictive lag 
range of the second speech coding method, and, upon judging that 
the long term predictive lag codes according to the first speech 
coding method are in the predictive lag range of the second 
speech coding method, the long term predictive lag code 
converting means set the long term predictive lag codes 
according to the first speech coding method as the converted 
long term predictive lag codes of the second speech coding 
method. 

[claim 5] The code conversion apparatus according to 
claim 4, characterized in that, in cases where the long term 
predictive lag code conversion means judge that the long term 
predictive lag codes according to the first speech coding 
method are not in the predictive lag range of the second speech 
coding method, and when the long term predictive lag codes 
according to the first speech coding method are smaller than 
the minimum value of the predictive lag range of the second 
speech coding method, the long term predictive lag codes 
according to the first speech coding method are long term 
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predictive lag codes of the second speech coding method whose 
values are larger than the minimum value of the predictive lag 
range of the second speech coding method, and the long term 
predictive lag codes according to the first speech coding 
method are set as long term predictive lag codes according to 
the second speech coding method following conversion of values 
of a multiple of N (where N is a natural number of 2 or more) ; 
and 

in cases where it is judged that the long term predictive 
lag codes according to the first speech coding method are not 
in the predictive lag range of the second speech coding method 
and when the long term predictive lag codes according to the 
first speech coding method are larger than the maximum value 
of the predictive lag range of the second speech coding method, 
the long term predictive lag codes of the second speech coding 
method which have just been converted are set as the converted 
long term predictive lag codes according to the second speech 
coding method. 

[claim 6] The code conversion apparatus according to 
claim 1, characterized in that the conversion section comprises 
interpolation means which, in cases where the analysis time 
intervals of the first speech coding method and the second 
speech coding method differ, perform interpolation of codes 
according to the second speech coding so as to output codes 
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according to the second speech coding at each of the analysis 
time intervals of the second speech coding method. 

[claim 7] The code conversion apparatus according to 
claim 3, characterized in that the short term predictive 
analysis code converting means comprise interpolation means 
which, in cases where the analysis time intervals of the short 
term analysis codes of the first speech coding method and the 
second speech coding method differ and when the analysis time 
intervals of the short term analysis codes of the first speech 
coding method are shorter than the analysis time intervals of 
the short term analysis codes of the second speech coding method, 
thin and output converted short term analysis codes of the 
second speech coding method in correspondence with the analysis 
time intervals of the short term analysis codes of the second 
speech coding method, and, in cases where the analysis time 
intervals of the short term analysis codes of the first speech 
coding method are longer than the analysis time intervals of 
the short term analysis codes of the second speech coding method, 
the interpolation means determine short term analysis codes of 
the second speech coding method linearly in correspondence with 
the analysis time intervals of the short term analysis codes 
of the second speech coding method, from short term analysis 
codes of the second speech coding method which have been 
produced by converting short term analysis codes of the first 
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speech coding method and which adjoin one another in terms of 
analysis time, and output the determined short term analysis 
codes of the second speech coding method in correspondence with 
the analysis time intervals of short term analysis codes of the 
second speech coding method. 

[claim 8] A code conversion system comprising: 
a first encoder for performing coding by means of a first 
speech coding method that encodes a speech signal by performing 
analysis of the speech signal by means of code excited linear 
prediction at pre-established analysis time intervals, 
dividing the speech signal into spectral envelope information 
and spectral microstructures, and multiplexing short term 
analysis codes that are produced by quantizing and encoding the 
spectral envelope information, electrical power codes that are 
produced by quantizing and encoding the electrical power of the 
speech signal, long term predictive lag codes that are produced 
by quantizing and encoding filter coefficients of a long term 
predictive lag filter in accordance with a pre-established 
predictive lag range for the long-term predictive lag filter 
and that express the spectral microstructures, and gain codes 
produced by quantizing and encoding the amplitudes of the 
spectral microstructures ; 

a second decoder for performing decoding by means of a 
second speech coding method that performs coding in which the 
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quantization values differ from those of the first speech 
coding method and that is a code excited linear predictive 
coding method; and 

a code conversion apparatus which converts multiplexed 
codes rendered by the first encoder into multiplexed codes 
according to the second speech coding method and then outputs 
the converted codes to the second decoder, 

the code conversion system being characterized in that 
the code conversion apparatus comprises: 

a code division section which receives an input of 
multiplexed codes that have been encoded by means of the first 
speech coding method and which performs code by code division 
thereof; 

a conversion section for converting the codes thus 
divided by the code division section into codes according to 
the second speech coding method in accordance with the 
relationships between codes according to the first speech 
coding method and codes according to the second speech coding 
method; and 

a multiplexing section for multiplexing codes according 
to the second speech coding method which have been converted 
by the conversion section. 

[claim 9] The code conversion system according to claim 
8, characterized in that the code conversion apparatus further 
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comprises connection destination information storing means for 
pre-storing information specifying whether the connection 
destination coding method is the first speech coding method or 
the second speech coding method; and controlling means which 
reference the connection destination information storing means, 
and in cases where the connection destination coding method is 
the second speech coding method, perform control such that code 
conversion is conducted by the code conversion apparatus. 

[claim 10] A communications system including a first 
communication device which receives a signal outputted by a 
terminal and coded by means of a first speech coding method that 
encodes a speech signal by performing analysis of the speech 
signal by means of code excited linear prediction at pre- 
established analysis time intervals; dividing the speech 
signal into spectral envelope information and spectral 
microstructures ; and multiplexing short term analysis codes 
that are produced by quantizing and encoding the spectral 
envelope information, electrical power codes that are produced 
by quantizing and encoding the electrical power of the speech 
signal, long term predictive lag codes that are produced by 
quantizing and encoding filter coefficients of a long term 
predictive lag filter in accordance with a pre-established 
predictive lag range for the long-term predictive lag filter 
and that express the spectral microstructures, and gain codes 
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produced by quantizing and encoding the amplitudes of the 
spectral microstructures ; 

a second communication device which performs coding by 
means of a second speech coding method that performs coding in 
which the quantization values or the quantization method 
differ (s) from those (that) of the first speech coding method 
and that is a code excited linear predictive coding method, and 
which transmits this encoded signal to the terminal; and 

a third communication device which performs coding by 
means of the first speech coding method, 

the communication system being characterized in that the 
first communication device comprises: 

a code conversion apparatus, which includes a code 
division section which receives an input of multiplexed codes 
that have been encoded by means of the first speech coding 
method and which performs code by code division thereof, a 
conversion section for converting the codes thus divided by the 
code division section into codes according to the second speech 
coding method in accordance with the relationships between 
codes according to the first speech coding method and codes 
according to the second speech coding method, and a 
multiplexing section for multiplexing codes according to the 
second speech coding method which have been converted by the 
conversion section; 
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inquiring means for inquiring after the coding method of 
the communication device which is the communication 
destination; and 

first controlling means, which receive a response from 
the destination communication device with respect to the 
inquiry by the inquiring means, and which, in cases where the 
coding method of the destination communication device as per 
this response is the second coding method, control multiplexed 
codes encoded according to the first coding method by means of 
the code conversion apparatus so that these codes are converted 
into multiplexed codes according to the second speech coding 
method, and notify the destination communication device that 
coding is not to be performed according to the second coding 
method; and 

in that the second communication device comprises 
response means, which, when an inquiry regarding the coding 
method is made by the inquiring means, issue a response that 
the coding method of the second communication device is the 
second coding method; and second controlling means, which, in 
the event of notification from the first controlling means to 
the effect that coding is not to be performed by means of the 
second coding method, do not perform coding by means of the 
second coding method but instead perform control so as to 
transmit, to the terminal, a signal consisting of multiplexed 
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codes according to the second speech coding method which have 
been converted by the first communication device. 

[claim 11] A communication device for coding a speech 
signal by means of a first speech coding method by performing 
analysis of the speech signal by means of code excited linear 
prediction at pre-established analysis time intervals; 
dividing the speech signal into spectral envelope information 
and spectral microstructures; and multiplexing short term 
analysis codes that are produced by quantizing and encoding the 
spectral envelope information, electrical power codes that are 
produced by quantizing and encoding the electrical power of the 
speech signal, long term predictive lag codes that are produced 
by quantizing and encoding filter coefficients of a long term 
predictive lag filter in accordance with a pre-established 
predictive lag range for the long-term predictive lag filter 
and that express the spectral microstructures, and gain codes 
produced by quantizing and encoding the amplitudes of the 
spectral microstructures , 

wherein the communication device is characterized by 
comprising : 

a code conversion apparatus that performs conversion to 
multiplexed codes according to a second speech coding method 
that performs coding in which the quantization values or 
quantization method differ (s) from that (those) of the first 
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speech coding method and that is a code excited linear 
predictive coding method, and 

characterized in that the code conversion apparatus 
comprises a code division section which performs code by code 
division of multiplexed codes that have been encoded by means 
of the first speech coding method; a conversion section for 
converting the codes thus divided by the code division section 
into codes according to the second speech coding method in 
accordance with the relationships between codes according to 
the first speech coding method and codes according to the second 
speech coding method; and a multiplexing section for 
multiplexing codes according to the second speech coding method 
which have been converted by the conversion section. 

[claim 12] A code conversion apparatus, which converts 
multiplexed codes which have been encoded by a first speech 
coding method that encodes a speech signal by performing 
analysis of the speech signal by means of code excited linear 
prediction at pre-established analysis time intervals; 
dividing the speech signal into spectral envelope information 
and spectral microstructures ; and multiplexing short term 
analysis codes that are produced by quantizing and encoding the 
spectral envelope information, electrical power codes that are 
produced by quantizing and encoding the electrical power of the 
speech signal, long term predictive lag codes that are produced 
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by quantizing and encoding filter coefficients of a long term 
predictive lag filter in accordance with a pre-established 
predictive lag range for the long-term predictive lag filter 
and that express the spectral microstructures, gain codes 
produced by quantizing and encoding the amplitudes of the 
spectral microstructures, and noise source codes for 
quantizing and encoding a noise source component, into 
multiplexed codes according to a second speech coding method 
that performs coding in which the quantization values differ 
from those of the first speech coding method and that is a code 
excited linear predictive coding method, 

the code conversion apparatus being characterized by 
comprising : 

a code division section which receives an input of 
multiplexed codes that have been encoded by means of the first 
speech coding method and which performs code by code division 
thereof; 

a conversion section for converting the codes thus 
divided by the code division section into codes according to 
the second speech coding method in accordance with the 
relationships between codes according to the first speech 
coding method and codes according to the second speech coding 
method; and 

a multiplexing section for multiplexing codes according 
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to the second speech coding method which have been converted 
by the conversion section. 

[Detailed Description of the Invention] 
[0001] 

[Industrial application field] The present invention 
relates to a code conversion system comprising speech code 
converting means for converting encoded speech which are used 
by automobile telephone sets, mobile terminal sets and 
communication devices and the like. 

[0002] 

[Prior Art] Current digital cellular communications 
systems adopt sophisticated speech coding techniques in order 
to make efficient use of a transmission frequency band. 
Examples of speech coding methods which are used by such digital 
cellular communications systems include the Vector-Sum Excited 
Linear Predictive Coding method (referred to hereinafter as the 
"VSELP" method) for example. 

[0003] A simple system constitution and the operation of 
this system will now be described by referring to Fig. 21. 

[0004] In Fig. 21, the cellular communications system 
which employs this VSELP method comprises mobile terminals A100 
and B160 for performing wireless communications; wireless base 
stations A110 and B150 for performing wireless communications 
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with the mobile terminals, switches A120 and B140 for call 
switching; a transmission channel 130 which permits a 
connection between the switches; and a telephone 170 which is 
connected to a switch. 

[0005] The mobile terminal A100 and the wireless base 
station A110 contain a coding device A101 and a coding device 
Alll respectively that employ the VSELP method and the mobile 
terminal B160 and the wireless base station B150 also contain 
a coding device B161 and a coding device B151 respectively of 
the same method. 

[0006] The operation of the mobile terminal A100 and the 
telephone 170 in the course of a call will now be described. 
A speech signal which is inputted to the mobile terminal A100 
is encoded by the coding device A in this terminal and an 11.2 
kbps transmission code is thus generated and outputted to the 
wireless base station A110. The wireless base station A110 
plays back the speech signal by decoding the received 11.2 kbps 
transmission code from the code in the coding device Alll. The 
played back speech signal is transmitted to the telephone 170 
via the switch A120, the transmission channel 130 and the switch 
B140. In this case, when the encoding/decoding by means of the 
VSELP method is performed via one link, a call between the 
mobile terminal A100 and the mobile terminal B160 is 
constituted by two links, which causes deterioration in the 
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speech quality as a result of the increase in quantization 
errors during coding and the increased signal processing delay. 

[0007] As a countermeasure, 'Network control to raise 
speech communication quality between mobile devices' 
(Electronic data communications academic meeting B-349, Spring 
of 1991), which is a technique to prevent deterioration of 
speech quality by through-connecting the coding devices of 
wireless base stations to establish one digital link between 
terminals, has been proposed. This conventional technique 
seeks to raise the communication quality by performing a 
network transfer with the VSELP codes transferred as is without 
performing decoding at the wireless base stations. 

[0008] Next, an overview of the VSELP method will be 
provided based on x VECTOR-SUM EXCITED LINEAR PREDICTION 
(VSELP) SPEECH CODING FOR JAPAN DIGITAL CELLULAR' (Meeting of 
IEICE, RCS90-26) . 

[0009] This coding method is constituted by two basic 
processes. One such process is speech coding processing while 
the other is transmission channel coding processing. These 
coding methods first generate 6.7 kbps speech code by means of 
speech coding processing that encodes inputted speech signals, 
and also generates and outputs 11.2 kbps transmission code by 
performing convolutional coding as transmission channel coding 
processing in order to provide a resistance to errors between 
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radio wave transmission segments. 

[0010] Further, a decoder performs Viterbi decoding of 
the received 11.2 kbps transmission code, this decoding being 
transmission channel decoding processing to correct bit errors 
that are generated between radio wave transmission segments, 
generates 6.7 kbps speech code, and generates a speech signal 
by means of speech decoding processing on the basis of this 
code . 

[0011] The speech coding processing of the VSELP method 
comprises two excitation sources, one of which is an adaptive 
codebook, the other being a fixed codebook that is constituted 
by vector linear sums which are a characteristic of the VSELP 
method. The operation of the speech coding processing consists 
in comparing an input speech waveform and a synthesized speech 
waveform that is generated by passing excitation signals, which 
are added signals from the two excitation sources, through a 
synthesis filter, and thus electing codes in the adaptive 
codebook and the fixed codebook, these codes serving to 
minimize the error between the waveforms, as well as codes in 
a gain codebook for adjusting the gain of the waveforms. This 
a mechanism for transmitting these codes (the codes of the 
adaptive codebook, fixed codebook and gain codebook) together 
with codes that are produced by quantizing filter coefficients 
of the synthesis filter and codes produced by quantizing the 



21 



electrical power values of the speech signal. The filter 
coefficients of the synthesis filter and the electrical power 
values are updated every 20 ms, and the codes of the adaptive 
codebook, fixed codebook and gain codebook are updated every 
5 ms. Furthermore, the speech decoding processing is a 
mechanism that employs a coding processing speech synthesis 
process to play back speech on the basis of codes. 

[0012] Further, a Pitch Synchronous Innovation Code 
Excited Linear Predictive Coding method (referred to as the 
^PSI-CELP method' hereinafter) , which implements a 
transmission speed of 5.6 kbps which is half that of the VSELP 
method in order to make effective use of the transmission 
frequency band, was proposed in "Pitch Synchronous Innovation 
CELP (PSI-CELP) " (Meeting of IEICE, RCS93-78). This PSI-CELP 
method precedes speech coding processing and transmission 
channel coding processing and performs noise canceller and low 
volume suppression processing with respect to inputted speech 
to improve characteristics in an actual usage environment. 

[0013] The excitation source of the speech coding 
processing of this PSI-CELP method is made up of two parts, one 
of which is a part that switches the adaptive codebook and the 
fixed codebook, the other being constituted by a noise codebook 
which has a two-channel structure. The principal 
characteristics include establishing a cycle for the outputs 
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of the noise codebook so that these outputs are in sync with 
the cycles corresponding to the outputs of the adaptive 
codebook, and adding codes . Further, after multiplying the gain, 
the excitation sources drive the synthesis filter and generate 
synthesized speech. The speech coding processing compares the 
synthesized speech and the inputted speech that has undergone 
noise canceller and low volume suppression, and then selects 
codes in the codebooks whereby the error is minimized. In 
addition, these codes are a mechanism for transmitting codes 
produced by quantizing filter coefficients of the synthesis 
filter as well as codes produced by quantizing electric power 
values. The filter coefficients of the synthesis filter and the 
electrical power values are updated every 40 ms and the codes 
of the adaptive codebook, fixed codebook and gain codebook are 
updated every 10 ms. Convolutional encoding is performed by 
subjecting the 3.45 kbps speech code generated by the speech 
coding processing to transmission channel coding processing 
in order to also provide a resistance to errors between radio 
wave transmission segments, whereby 5.6 kbps transmission code 
is generated and outputted. Further, the decoder performs 
Viterbi decoding of the received 5.6 kbps transmission code, 
this decoding being transmission channel decoding processing 
to correct bit errors that are generated between radio wave 
transmission segments, whereby 3.45 kbps speech code is 
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generated. Further, the speech decoding processing is a 
mechanism that employs a coding processing speech synthesis 
process to play back speech on the basis of codes. 
[0014] 

[Problems which the Invention is intended to resolve] 
Because speech coding devices of the above-described 
VSELP method and PSI-CELP method have become standard, 
subsequent digital cellular' communications systems are 
expected to combine both speech coding devices. As described 
above, the basic constitution of the VSELP method and PSI-CELP 
method is that of a code excited linear predictive coding method 
but the code transmission speeds are different, and the 
quantization values or quantization methods differ when vector 
quantization is performed. Hence, codes that have been encoded 
using the VSELP method cannot be decoded by the PSI-CELP method. 
Therefore, in voice communications between a mobile terminal 
incorporating the VSELP method and a mobile terminal that 
incorporates the PSI-CELP method, codes encoded by one method 
must be encoded and decoded once again by means of the other 
method after decoding and reversion to played back speech. Thus, 
the above-described two-link constitution results and causes 
deterioration in the speech quality as a result of the increase 
in quantization errors during coding and the increased signal 
processing delay. 
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[0015] Therefore, in the prior art, in voice 
communications between a mobile terminal incorporating the 
VSELP method and a mobile terminal that incorporates the 
PSI-CELP method, a single digital link is impossible. Hence, 
although voice communications between speech coding methods in 
which the quantization values or the quantization method 
differ (s) is made possible by establishing two digital links, 
one-time decoding to a speech signal takes place and speech 
coding is performed once again, and hence there is the problem 
that deterioration in the speech quality which is caused by 
quantization errors is provoked and an increase in the signal 
processing delay is generated. 

[0016] An object of the present invention is to provide 
a code conversion apparatus and code conversion system that 
prevent deterioration in communication quality in voice 
communications between first and second speech coding methods 
whose quantization values or quantization methods differ and 
which are code excited linear predictive coding methods. 

[0017] In addition, it is a further object to provide a 
code conversion apparatus and code conversion system that 
permit voice communications without reversion to played back 
speech, 

in voice communications between first and second speech coding 
methods whose quantization values or quantization methods 



25 



differ and which are code excited linear predictive coding 
methods . 

[0018] 

[Means for Resolving the Problems] In order to achieve 
the above objects, a code conversion apparatus, which converts 
multiplexed codes which have been encoded by a first speech 
coding method that encodes a speech signal by performing 
analysis of the speech signal by means of code excited linear 
prediction at pre-established analysis time intervals; 
dividing the speech signal into spectral envelope information 
and spectral microstructures; and multiplexing short term 
analysis codes that are produced by quantizing and encoding the 
spectral envelope information, electrical power codes that are 
produced by quantizing and encoding the electrical power of the 
speech signal, long term predictive lag codes that are produced 
by quantizing and encoding filter coefficients of a long term 
predictive lag filter in accordance with a pre-established 
predictive lag range for the long-term predictive lag filter 
and that express the spectral microstructures, and gain codes 
produced by quantizing and encoding the amplitudes of the 
spectral microstructures, into multiplexed codes according to 
a second speech coding method that performs coding in which the 
quantization values differ from those of the first speech 
coding method and that is a code excited linear predictive 



26 



coding method, characterized by comprising: a code division 
section which receives an input of multiplexed codes that have 
been encoded by means of the first speech coding method and 
which performs code by code division thereof; a conversion 
section for converting the codes thus divided by the code 
division section into codes according to the second speech 
coding method in accordance with the relationships between 
codes according to the first speech coding method and codes 
according to the second speech coding method; and a 
multiplexing section for multiplexing codes according to the 
second speech coding method which have been converted by the 
conversion section . 

[0019] Further, in a code conversion system that 
comprises: a first encoder, which performs encoding according 
to the first speech coding method; a second decoder that 
performs decoding according to the second speech coding method 
that performs encoding in which the analysis method differs 
from that of the first speech coding method; and a code 
conversion apparatus that converts multiplexed codes rendered 
by the first encoder into multiplexed codes according to the 
second speech coding method and then outputs the converted 
codes to the second decoder, the code conversion apparatus may 
further comprise connection destination information storing 
means for pre-storing information specifying whether the 
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connection destination coding method is the first speech coding 
method or the second speech coding method; and controlling 
means which reference the connection destination information 
storing means, and in cases where the connection destination 
coding method is the second speech coding method, perform 
control such that code conversion is conducted by the code 
conversion apparatus . 

[0020] In addition, in a communications system 
comprising a first communication device that includes such a 
code conversion apparatus, and a second communication device 
that performs coding according to the second speech coding 
method, the first communication device can comprise: inquiring 
means for inquiring after the coding method of the 
communication device which is the communication destination; 
and first controlling means, which receive a response from the 
destination communication device with respect to the inquiry 
by the inquiring means, and which, in cases where the coding 
method of the destination communication device as per this 
response is the second coding method, control multiplexed codes 
encoded according to the first coding method by means of the 
code conversion apparatus so that these codes are converted 
into multiplexed codes according to the second speech coding 
method, and notify the destination communication device that 
coding is not to be performed according to the second coding 
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method; and the second communication device can comprise 
response means, which, when an inquiry regarding the coding 
method is made by the inquiring means, issue a response that 
the coding method of the second communication device is the 
second coding method; and second controlling means, which, in 
the event of notification from the first controlling means to 
the effect that coding is not to be performed by means of the 
second coding method, do not perform coding by means of the 
second coding method but instead perform control so as to 
transmit, to a terminal, a signal consisting of multiplexed 
codes according to the second speech coding method which have 
been converted, by the first communication device. 

[0021] Further, the communication device that performs 
coding of the speech signal according to the first speech coding 
method may comprise the above-described code conversion 
apparatus . 

[0022] 

[Operation] In the code conversion apparatus, the code 
division section receives an input of multiplexed codes that 
have been encoded by means of the first speech coding method 
and performs code by code division thereof, and the conversion 
section converts the codes thus divided by the code division 
section into codes according to the second speech coding method 
in accordance with the relationships between codes according 
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to the first speech coding method and codes according to the 
second speech coding method. The multiplexing section 
multiplexes and then outputs codes according to the second 
speech coding method which have been converted by the 
conversion section, whereby it is possible to directly convert 
a code output encoded by the first speech coding method into 
a code output of the second speech coding method and to play 
back the code output according to the first speech coding method 
and speech by means of the decoder of the second speech coding 
method, without reversion to played back speech. It is 
therefore possible to provide a favorable communication 
quality by suppressing any coding distortion that is generated 
with two digital links. 

[0023] For example, the conversion section may comprise 
a table that indicates relationships between codes according 
to the first speech coding method and codes according to the 
second speech coding method, and may perform conversion by 
referencing this table. 

[0024] For example, of the first and second speech coding 
methods, one is the above-described Vector-Sum Excited Linear 
Predictive Coding method (VSELP) , while the other coding method 
can be the Pitch Synchronous Innovation Code Excited Linear 
Predictive Coding method (PSI-CELP). Further, with regard to 
the VSELP method, in cases where there exist the VSELP which 
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has become standardized in Japan and the VSELP which has become 
standardized in America, these methods can be taken as the first 
and second speech coding methods . 

[0025] Further, the conversion section can be 
constituted comprising: short term predictive analysis code 
converting means for converting short term analysis codes 
encoded by the first speech coding method into short term 
analysis codes according to the second speech coding method in 
accordance with the relationships between short term analysis 
codes according to the first speech coding method and short term 
analysis codes according to the second speech coding method; 
electrical power code converting means for converting 
electrical power codes encoded by the first speech coding 
method into electrical power codes according to the second 
speech coding method in accordance with the relationships 
between electrical power codes according to the first speech 
coding method and electrical power codes according to the 
second speech coding method; long term predictive lag code 
converting means for converting long term predictive lag codes 
encoded by the first speech coding method into long term 
predictive lag codes according to the second speech coding 
method in accordance with the relationships between long term 
predictive lag codes according to the first speech coding 
method and long term predictive lag codes according to the 
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second speech coding method; and gain code and noise source code 
converting means which generate excitation codes of the first 
speech coding method in accordance with long term predictive 
lag codes, gain codes and noise source code conversion codes 
which have been encoded by the first speech coding method, 
generate excitation codes of the second speech coding method 
in accordance with long term predictive lag codes according to 
the second speech coding method which have been converted by 
the long term predictive lag code converting means, and output 
gain codes and the noise source conversion codes according to 
the second speech coding method and whereby the error between 
the excitation codes of the first speech coding method and the 
excitation codes of the second speech coding method is 
minimized, such that the code conversion section is capable of 
performing conversion of codes in the conversion means. 
[0026] 

[Embodiments of the Invention] Embodiments of the 
present invention will be described hereinbelow with reference 
to the drawings. 

[0027] Fig. 1 shows a constitutional view of a first 
embodiment of the code conversion system. The code conversion 
system in Fig. 1 comprises an encoder A200 for encoding speech 
by means of a specified speech coding system A; a code 
conversion apparatus 220 for converting codes encoded by means 
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of the specified speech coding system A into codes of a speech 
coding system B that differs from the specified speech coding 
system A; a transmission channel A210 that permits a connection 
between the encoder A200 and the code conversion apparatus 220; 
a decoder B240 for decoding codes encoded by means of the speech 
coding system B; and a transmission channel 230 that permits 
a connection between the decoder B240 and the code conversion 
apparatus 220. 

[0028] The encoder A200 and the decoder B240 employ 
speech coding systems which differ in the quantization values 
or quantization method used when parameters are quantized and 
which are speech coding systems that are basically constituted 
by a code excited linear predictive coding system. In the 
present embodiment, different speech coding systems both have 
a basic constitution that is a code excited predictive coding 
system and employ speech coding systems which differ in the 
quantization values or quantization method used when 
parameters are quantized. For example, there exist a VSELP 
system that employs a full-rate speech coding system for 
domestic digital cellular telephones, and a PSI-CELP system as 
employed by half-rate speech coding systems, and the present 
embodiment is described with these systems as examples. 

[0029] In Fig. 1, a digital speech signal inputted via 
Sin is inputted to the encoder A200 and speech-encoded. The 
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codes are inputted to the code conversion apparatus 220 via the 
transmission channel A210. The codes of the encoder A200 which 
are thus received are directly converted by the code conversion 
apparatus 220 into codes which can be used by the decoder B240 
that employs the speech coding system B which is different from 
the speech coding system A used by the encoder A200. The codes 
converted by the code conversion apparatus 220 are inputted to 
the decoder B240 via the transmission channel B230. The decoder 
B240 decodes digital speech signals on the basis of these codes. 
Therefore, as a result of directly converting codes without 
reversion to a played back speech signal, deterioration of the 
speech quality can be suppressed and it is also possible to 
reduce the scale of the hardware in comparison with a case where 
two links are established. 

[0030] Next, the specific constitution of the code 
conversion apparatus 220 shown in Fig. 1 will be described. Fig. 
2 shows a block diagram of the functions of the code conversion 
apparatus according to the present embodiment. In Fig. 2, the 
actual transmission channel of the communications system uses 
two code conversion apparatuses to implement two-way 
communications. Here, a uni-directional code conversion 
apparatus will be described in order to simplify the 
description . 

[0031] In Fig. 2, the code conversion apparatus 220 
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comprises a speech code conversion section 500 for converting 
codes encoded by the speech coding system A into codes of the 
speech coding system B which is different from the speech coding 
system A; a transmission channel decoding section 580 that 
performs Viterbi decoding in order to correct bit errors; and 
a transmission channel coding section 590 that carries out 
convolutional encoding in order to provide a resistance to 
errors between radio wave transmission segments. Here, the 
transmission channel coding section 590 and the transmission 
channel decoding section 580 are required in cases where a code 
conversion apparatus is employed in a digital cellular 
telephone wireless communications system. However, in the case 
described subsequently in which a code conversion apparatus is 
used in a wired communications system, these components, that 
is, the transmission channel coding section 590 and the 
transmission channel decoding section 580 need not be employed 
or need not be provided. 

[0032] Attention is directed to the fact that in the 
speech code conversion section 500, both the VSELP system and 
also the PSI-CELP system are code excited linear predictive 
coding systems, and for the parameter codes thereof (including 
codes of the adaptive codebook, fixed codebook, and gain 
codebook, codes produced by quantizing the filter coefficients 
of the synthesis filter, and codes produced by quantizing the 
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electric power values) corresponding codes are found in advance 
and the relationships between the codes are stored in the form 
of a conversion table. 

[0033] The speech code conversion section 500 comprises 
a code division section 510 for performing code division; a gain 
code and fixed codebook code conversion section 520 for 
performing conversion of gain codes and fixed codebook codes 
(noise source codes) ; a short term predictive analysis 
parameter code conversion section 540 for converting short term 
predictive analysis parameter codes; an electric power code 
conversion section 550 for converting codes produced by 
quantizing electric power values; a long term predictive lag 
code conversion section 560 for converting long term predictive 
lag codes; a code conversion control section 530 for 
controlling the conversion sections; and a code multiplexing 
section 570 for multiplexing codes. 

[0034] The code conversion apparatus will be described 

below. 

[0035] In Fig. 2, the code division section 510 divides 
multiplexed codes from the Cin that have been transmission- 
channel decoded via the transmission channel decoding section 
580 and inputted to the speech code conversion section 500 into 
gain code and fixed codebook codes, short term predictive 
analysis parameter codes, electric power codes, and long term 
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predictive lag codes, which are all codes capable of 
corresponding with the inputs of the conversion sections. The 
code division section 510 makes respective transmissions such 
that the gain code and fixed codebook codes are transmitted to 
the gain code and fixed codebook code conversion section 520, 
the short term predictive analysis parameter codes are 
transmitted to the short term predictive analysis parameter 
code converter 540, the electric power codes are transmitted 
to the electric power code conversion section 550, and the long 
term predictive lag codes are transmitted to the long term 
predictive lag code conversion section 560. 

[0036] The short term predictive analysis parameter code 
conversion section 540 converts the received short term 
predictive analysis parameter codes in accordance with short 
term predictive analysis parameter code conversion rules. The 
electric power code conversion section 550 converts the 
received electric power codes in accordance with electric power 
code conversion rules. The long term predictive lag code 
conversion section 560 converts the received long term 
predictive lag codes in accordance with long term predictive 
lag code conversion rules. The code conversion control section 
530 receives the long term predictive lag codes before and after 
conversion, converts these codes into long term predictive lag 
values which are quantization values, and then outputs same to 



37 



the gain code and fixed codebook code conversion section 520. 
The gain code and fixed codebook code conversion section 520 
performs converts the received gain code and fixed codebook 
codes on the basis of the long term predictive lag values before 
and after conversion which are received from the code 
conversion control section 530. Codes converted by the 
conversion sections are collected and re-multiplexed in the 
code multiplexing section 570, and these codes are outputted 
to Cout after transmission channel coding is performed via the 
transmission channel coding section 590. As a result, codes can 
be directly converted without reverting codes of a different 
speech coding algorithm to digital speech codes. 

[0037] For example, in cases where speech codes of the 
VSELP system and speech codes of the PSI-CELP system are 
converted, vector quantization codes of reflection coefficient 
parameters of the short term predictive analysis according to 
the VSELP system, and vector quantization codes of linear 
spectral parameters produced by converting short term 
predictive coefficient parameters according to the PSI-CELP 
system are converted, electric power codes of the VSELP system 
and electric power codes of the PSI-CELP system are converted, 
and long term predictive lag codes of the adaptive codebook of 
the VSELP system and long term predictive lag codes of the 
adaptive codebook of the PSI-CELP system are converted 
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according to pre-established conversion rules. In addition, in 
the PSI-CELP system, because noise codebook codes are also 
suppressed, excitation signals are generated from fixed 
codebook codes and gain codebook codes of the VSELP system, and 
excitation signals are generated on the basis of the fixed 
codebook, the noise codebook and the gain codebook of the 
PSI-CELP system, such that noise codebook codes and gain 
codebook codes of the PSI-CELP system are determined so as to 
minimize the error of the excitation signals. 

[0038] Next, a description of the details of the 
conversion rules will be provided with reference to the block 
diagrams of the conversion sections. 

[0039] Fig. 3 shows a block diagram of the functions of 
the short term predictive analysis parameter code conversion 
section 540 according to the present embodiment. In Fig. 3, the 
short term predictive analysis parameter code conversion 
section 540 comprises a short term predictive analysis 
parameter interpolation section 610 for interpolating short 
term predictive analysis parameter codes in order to adjust the 
code transmission speed; a short term predictive analysis 
parameter conversion control section 620 for controlling the 
short term predictive analysis parameter conversion; and a 
short term predictive analysis parameter code matching section 
630 for storing a conversion table and performing code 
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conversion by referencing this conversion table. 

[0040] The conversion table of the short term predictive 
analysis parameter code matching section 630 compares the 
quantization values indicated by the short term predictive 
analysis parameter codes on both the input side which are to 
be converted and also the output side, and is able to create 
[analysis parameters] by causing both codes to match so as to 
minimize the error. Further, in cases where the methods for 
generating analysis parameters indicated by short term 
predictive analysis parameter codes differ, one set of analysis 
parameters is converted into analysis parameters which 
correspond with the method for generating the other analysis 
parameters, and these analysis parameters are used to create 
conversion rules by causing codes to match so as to minimize 
the Euclid distance of both analysis parameters. Further, in 
cases were the analysis degrees of both sets of short term 
predictive analysis parameters are different, the analysis 
degrees are made uniform by converting parameters indicated by 
both analysis parameter codes into Cepstrum parameters that 
permit conversion to different degrees, and conversion rules 
are generated by causing codes to match so as to minimize the 
Euclid distance of the Cepstrum parameters before and after 
conversion . 

[0041] For example, the methods for creating the 
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conversion rules for the short term predictive analysis 
parameter codes of the VSELP system and the PSI-CELP system will, 
be described below, 

[0042] The short term predictive analysis parameters of 
the VSELP system speech coding are found by performing 
quantization by means of tenth-order reflection coefficients 
or PARCOR coefficients, while in PSI-CELP system speech coding 
the short term predictive analysis parameters are found by 
performing quantization by means of tenth-order LSP parameters 
(linear spectral parameters produced by converting short term 
predictive analysis parameters) . Hence, in order to make the 
analysis parameters common, the reflection coefficient 
parameters of the VSELP system are converted to short term 
predictive analysis parameters and to linear spectral 
parameters. The code conversion rules are created by comparing 
both the analysis parameters of the short term predictive 
analysis parameters and of the linear spectral parameters, and 
causing both codes to match so that the Euclid distance is 
minimized. Thus, the corresponding codes are found in advance 
through calculation, and a conversion table of the 
corresponding codes is created and then stored in the short term 
predictive analysis parameter code matching section 630 shown 
in Fig. 3. 

[0043] Next, the operation of the short term predictive 
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analysis parameter code conversion section 540 shown in Fig. 
3 will be described. 

[0044] The short term predictive analysis parameter 
codes divided in the code division section 510 shown in Fig. 
2 are inputted from Din shown in Fig. 3 and received by the short 
term predictive analysis parameter code conversion control 
section 620. These codes are also transmitted to the short term 
predictive analysis parameter code matching section 630. The 
short term predictive analysis parameter code matching section 
630 converts the received codes in accordance with the 
conversion table in the matching section, and then transmits 
the converted codes to the short term predictive analysis 
parameter code conversion control section 620. The short term 
predictive analysis parameter code conversion control section 
620 converts back the converted short term predictive analysis 
parameter codes to short term predictive analysis parameters, 
and transmits the converted codes and the converted parameters 
to the short term predictive analysis parameter interpolation 
section 610. In cases where the code transmission speeds of Din 
and Dout are different, the short term predictive analysis 
parameter interpolation section 610 generates and adds code or 
deletes code to adjust the code transmission speed so as to 
match the converted speed. 

[0045] Next, this code interpolation method will be 
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described. For example, in cases where the short term 
predictive analysis parameter codes obtained by PSI-CELP 
system speech coding are converted to short term predictive 
parameter codes of the VSELP system speech coding, in the 
PSI-CELP system speech coding, codes are transmitted every 40 
ms, whereas in the VSELP system speech coding codes are 
transmitted every 20 ms. Therefore, codes that are capable of 
being transmitted every 20 ms are generated from the codes 
transmitted every 40 ms, and codes are added. The short term 
predictive analysis parameter code conversion control section 
620 receives these codes via the Din as short term predictive 
analysis parameter codes. The codes converted by the short term 
predictive analysis parameter code matching section 630 are 
Crn-1 and Crn (where n is a natural number, and Crn-1 denotes 
a code which lies one before (40 ms before) Crn) , and the short 
term predictive analysis parameters indicated by these codes 
denote a (where m is natural number, a m indicates the mth vector 
element, and a 0 n to a m n indicate Crn vector elements) vectors. 
These codes and parameter vectors are provided by the following 
equations . 

[0046] 

[Equation 1] 

Cr n _! - {a 0 n " 1 a 1 n " 1 a 2 n ' 1 . . .a m n_1 } (Equation 1) 

[0047] 
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[Equation 2] 

Cr n = {a 0 n a 1 n a 2 n . . .a m n } (Equation 2) 

[0048] On the basis of these codes, the code generated 
between Cr n _! and Cr n is Cr n _ 0 5 (Cr n _ 0 5 denotes the code which 
precedes Crn by 20 ms) and this code Cr n _ 0 5 is generated. The 
generation of this code is determined by means of the following 
equation which uses the parameter vectors Cr^ and Cr n to 
determine the average of the parameters Cr n _ t and Cr n . 

[0049] 

[Equation 3] 

a^" 0 ' 5 = otf- 1 * a" /2 (i=0 to m) (Equation 3) 

[0050] As described above, the code Cr n _ 0 5 is generated 
and the respective vectors for Cr n _ lf Cr n _ 0 5 and Cr n shown in 
Equations 4 to 6 respectively can be obtained. 
[0051] 

[Equation 4] 

Cr^ = {a 0 n ~ 1 a 1 n * 1 a 2 n ~ 1 . . .a m n_1 } (Equation 4) 

[0052] 

[Equation 5] 

Cr n _ 0 . 5 = {ao^'^^-V 0,5 . - -« m n -°- 5 } (Equation 5) 

[0053] 
. [Equation 6] 

Cr n = { a 0 n a 1 n O£ 2 n . . . a m n } (Equation 6) 

[0054] Further, conversely, in cases where conversion is 
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performed from codes of VSELP system speech coding to codes of 
PSI-CELP system speech coding, the code CP n _ 0>5 is deleted before 
transmission. The appended codes and the converted codes are 
transmitted to the short term predictive analysis parameter 
code conversion control section 820 and outputted to Dout . 

[0055] Thus, in cases where the code transmission speeds 
are different, it is possible to perform code completion so as 
to match the converted transmission speed, by adding or 
deleting code . 

[0056] Next, the electric power code conversion section 
550 will be described. Fig. 4 shows a block diagram of the 
functions of the electric power code conversion section 550 
according to the present embodiment. In Fig. 4, an electric 
power code conversion section 750 comprises an electric power 
value interpolation section 710 for interpolating electric 
power values in order to adjust the code transmission speed; 
an electric power code conversion control section 720 for 
controlling the conversion of electric power codes, and an 
electric power code matching section 730 which stores a 
conversion table and performs code conversion by referencing 
this conversion table. 

[0057] The conversion rules of the electric power code 
matching section 730 are created by comparing the quantization 
values indicated by the electric power value codes on both the 
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input side which are to be converted and also the output side, 
and by causing both codes to match so as to minimize the error. 
In this case, the original data used in the calculation of the 
electric power values differs as shown in Fig. 5 and therefore 
conversion is performed as indicated below. The electric power 
values according to the VSELP system in Fig. 5 are scalar values 
of Rg3 for which quantization and encoding are carried out with 
respect to the input signal average signal power in subframes 
which are denoted by RgO, Rgl, Rg2, and Rg3 . Since the values 
of RgO, Rgl, and Rg2 are not encoded, Rg3 is converted to an 
input signal average signal power in the subframes and the 
values of RgO, Rgl, and Rg2 can be found from this average signal 
power. Further, in the PSI-CELP system, the quantization and 
encoding with respect to the input signal average signal power 
in subframes which are denoted by RO, Rl, R2, and R3 involves 
vector quantization of RO, Rl, R2, and R3 . As shown in Fig. 5, 
subframe 1 and subframe 2 in the VSELP system correspond with 
subframe 3 in the PSI-CELP system. Therefore, in cases where 
conversion takes place from the VSELP system to the PSI-CELP 
system, conversion can be performed as indicated below. 

[0058] R2 = (Rg0+Rgl)/2 

R3= (Rg2+Rg3) /2 

Further, RO and Rl are capable of using frame N-l of the 
VSELP system. Also, conversely, conversion can be performed as 



indicated below. 

[0059] RgO=Rgl=R2/2 
Rg2=Rg3=R3/2 

Thus, the electric power code matching section 730 may 
perform conversions by means of calculations and may store 
matches which are found by means of the calculations in the 
conversion table in advance. 

[0060] The electric power codes which are divided by the 
code division section 510 shown in Fig. 2 are inputted via the 
Din shown in Fig. 4 and received by the electric power code 
conversion control section 920. These codes are also 
transmitted to the electric power code matching section 730. 
The electric power code matching section 730 converts the 
received codes in accordance with the conversion table in the 
matching section, and then transmits the converted codes to the 
electric power code conversion control section 720. The 
electric power code conversion control section 720 converts the 
converted electric power codes to electric power values and 
then transmits the converted codes and the electric power 
values to the electric power value interpolation section 710. 
In cases where the code transmission speed of the Din and Dout. 
of the electric power value interpolation section 710 are 
different, the electric power value interpolation section 710 
generates and adds code or deletes code to adjust the code 
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transmission speed so as to match the converted speed. 

[0061] For example, in cases where electric power codes 
obtained by PSI-CELP system speech coding are converted to 
electric power codes of the VSELP system speech coding, in the 
PSI-CELP system speech coding codes are transmitted every 40 
ms, whereas in the VSELP system speech coding codes are 
transmitted every 20 ms . Therefore, codes that are capable of 
being transmitted every 20 ms are generated from the codes 
transmitted every 4 0 ms, and codes are added. According to the 
above-described electric power value conversion method, 
because conversion is performed by considering the code 
transmission speed as shown in Fig. 5, the electric power value 
interpolation section 710 may transmit codes in correspondence 
with the transmission speed on the output side without newly 
generating codes. 

[00 62] When code conversion is performed without 
considering the code transmission speed, the electric power 
value interpolation section 710 may generate code to adjust the 
transmission speed as indicated below. 

[0063] The electric power code conversion control 
section 720 receives an input via the Din in the form of electric 
power codes and codes which are converted by the electric power 
code matching section 730 are CP n _! and CP n (where n is a natural 
number, and CP^ denotes a code which lies one before (40 ms 
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before) CP n ) , and the electric power value indicated by this 
code is denoted by the scalar P (where P n indicates the scalar 
value for CP n ) . These codes and scalar values are provided by 
the following equations. 
[0064] 

[Equation 7] 

CP n _! = {P n_1 } (Equation 7) 

[0065] 

[Equation 8] 

CP n = {P n } (Equation 8) 

[0066] On the basis of these codes, the code generated 
between CP n _ x and CP n is CP n _ 0 5 (CP n _ 0 5 denotes the code which 
precedes CPn by 20 ms) and this code CP n _ 0 5 is generated- The 
generation of this code is determined by means of the following 
equation which uses the scalar values of CP n ^ and CP n to 
determine the average of the parameters CP^ and CP n . 

[0067] 

[Equation 9] 

pn-o.5 = pn -i + p n /2 (Equation 9) 

[0068] As described above, the code is generated and the 
respective scalar values for CP n _ lf CP n and CP n _ 0>5 shown in 
Equations 10 to 12 respectively can be obtained. 

[0069] 

[Equation 10] 
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CP n -i = {P n_1 } (Equation 10) 

[0070] 

[Equation 11] 

CPn-o.5 = {P n " 0 ' 5 } (Equation 11) 

[0071] 

[Equation 12] 

CP n = {P n } (Equation 12) 

[0072] Further, conversely, in cases where conversion is 
performed from codes of VSELP system speech coding to codes of 
PSI-CELP system speech coding, the code CP n _ 0 5 is deleted before 
transmission. The appended codes and the converted codes are 
transmitted to the electric power code conversion control 
section 720 and outputted to Dout . 

[0073] Next, the long term predictive lag code conversion 
section 560 will be described with reference to Fig. 6. Fig. 
6 shows a block diagram of the functions of the long term 
predictive lag code conversion section 560 according to the 
present embodiment. In Fig. 6, the long term predictive lag code 
conversion 560 comprises a long term predictive lag 
interpolation section 810 for interpolating a long term 
predictive lag in order to adjust the code transmission speed; 
a long term predictive lag code conversion control section 820 
for controlling the conversion of long term predictive lag 
codes; and a long term predictive lag code matching section 830 
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which stores a conversion table and performs code conversion 
by referencing this conversion table. 

[0074] The long term predictive lag code matching section 
830 will be described first. Since the ranges of long term 
predictive lag codes are sometimes different and sometimes the 
same in the VSELP system and the PSI-CELP system, the conversion 
of long term predictive lag codes is performed by considering 
both such cases. As shown in Fig. 7, the long term filter 
controlled by the long term predictive lag is characterized by 
the fact that the n (long term predictive lag) in Z" n is variable. 
In the present embodiment, the range of the long term predictive 
lag codes of the speech encoder A200 shown in Fig. 1 which is 
the VSELP system is Lamin to Lamax, the corresponding long term 
predictive lag codes are La, the long term predictive lag range 
of the speech decoder B240 which is the PSI-CELP system is Lbmin 
to Lbmax, and the corresponding long term predictive lag codes 
are Lb. Further, the relationships between Lamin and Lbmin, or 
Lamax and Lbmax are as indicated in the following equations. 
Here, N is an integer or two or more and is an arbitrarily 
determined value. 

[0075] 

[Equation 13] 

Lamin<Lbmin where Lamin x n ^ Lbmax (Equation 13) 

[0076] 
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[Equation 14] 

Lamax > Lbmax (Equation 14) 

[0077] 

[Equation 15] 

Lamin^La^Lamax (Equation 15) 

[0078] 

[Equation 16] 

Lbmin^Lb^Lbmax (Equation 16) 

[0079] Under the above conditions, when a conversion is 
made from the long term predictive lag codes La of the VSELP 
system speech encoder A200 to the long term predictive lag and 
codes Lb n of the PSI-CELP system speech decoder B240, the long 
term predictive lag code matching section 830 is created on the 
basis of the matching rules described subsequently. 
Alternatively, code conversion is performed by performing the 
same calculations . 

[0080] Next, the matching rule algorithm according the 
present embodiment will be described with reference to Fig. 8. 
Fig. 8 shows a matching rule algorithm. Here, Lb n _ x denotes the 
long term predictive lag code which precedes Lb n by one sample. 

[0081] First, if La is compared with Lbmin (step 910) and 
La<Lbmin, the processing proceeds to step 950 whereupon the 
value of Lb n is determined as N multiples of La (step 950) . Here, 
N is N shown in Equation 13 and is a fixed value, the optimum 
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value thereof being found through experimentation. Further, in 
cases where it is not judged that La<Lbmin in step 910, that 
is, if La^Lbmin, a comparison of whether La>Lbmax is also 
carried out (step 920) . When La>Lbmax / the value of Lb n is the 
value Lb^ which lies one before (step 930) . In addition, when 
it is not judged that La>Lbmax, the value of Lb n is determined 
as the value of La (step 940) . When processing is carried out 
under the conditions, the value of Lb n is determined and then 
the determined Lb n is Lb n _! in the processing to convert the next 
sample value, and is stored in a delay buffer. Lb n-1 in the 
above-described step 930 can extract a value from this delay 
buffer . 

[0082] For example, when Lbmin=20, Lbmax=146, and La is 
14, where N=2, it is judged that La<Lbmin in step 910 and the 
processing proceeds to step 950 whereupon the value of Lb n is 
determined to be 28 which is twice the value of La. N is a value 
serving to clear the condition of the converted minimum value 
Lbmin, and here, the fact that N=2 depends on the periodicity 
of the speech pitch of the speech signal as shown in Fig. 9. 
Hence, N may be an integer of two or more. Fig. 9 shows the pitch 
cycle of a speech waveform. Substantially the same waveform is 
repeated at every N points and it can therefore be seen that 
no problems arise even if the repeat cycle is set at 2N points. 

[0083] As shown in Fig. 8, long term predictive lag codes 
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are determined so as to fit into the converted long term 
predictive lag range and converted into corresponding codes in 
accordance with the coding of the long term predictive lag codes. 

[0084] A description will be provided next for the 
operation of the long term predictive lag code conversion 
section 560 shown in Fig. 6. 

[0085] Long term predictive lag codes which were divided 
in the code division section 510 shown in Fig. 2 are inputted 
via the Din and received by the long term predictive lag code 
conversion control section 820. These codes are also 
transmitted to the long term predictive lag code matching 
section 830. The long term predictive lag code matching section 
830 converts the received codes in accordance with the 
conversion table in the matching section, and then transmits 
the converted codes to the long term predictive lag code 
conversion control section 820. The long term predictive lag 
code conversion control section 820 converts the converted long 
term predictive lag codes to long term predictive lag values 
and then transmits the converted long term predictive lag codes 
and the converted long term predictive lag values to the long 
term predictive lag interpolation section 810. In cases where 
the code transmission speed of the Din and Dout of the long term 
predictive lag interpolation section 810 are different, the 
long term predictive lag interpolation section 810 generates 
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and adds code or deletes code to adjust the code transmission 
speed so as to match the converted speed. 

[0086] Next, the interpolation method of the long term 
predictive lag interpolation section 810 will be described. For 
example, in cases where the long term predictive lag codes 
obtained by PSI-CELP system speech coding are converted to long 
term predictive lag codes of the VSELP system speech coding, 
in the PSI-CELP system speech coding, codes are transmitted 
every 40 ms, whereas in the VSELP system speech coding codes 
are transmitted every 20 ms . Therefore, codes that are capable 
of being transmitted every 20 ms are generated from the codes 
transmitted every 40 ms, and codes are added. Fig. 10 shows long 
term predictive lag codes of the VSELP system and long term 
predictive lag codes of the PSI-CELP system. The long term 
predictive lag codes of the VSELP system are denoted by La 0 , 
La 2 , La 2 , La 3 in the corresponding subframes. Further, in the 
PSI-CELP system also, these codes are denoted by Lb 0 , Lb x/ Lb 2 , 
Lb 3 . However, as described earlier, the code transmission speed 
is different from that of the VSELP system. The long term 
predictive lag code conversion control section 820 receives an 
input via the Din of the long term predictive lag codes of the 
PSI-CELP system. The codes which are converted to the VSELP 
system by the long term predictive lag code matching section 
830 are CLa n and CLa^ (where n is a natural number, and CLa n _! 
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denotes a code which lies one before (40 ms before) CLa n ) , and 
the long term predictive lag indicated by this code is denoted 
by an La (where La n indicates the vector element) vector. These 
codes and vectors are provided by the following equations. 
[0087] 

[Equation 17] 

CL an .! = {L a0 n - 1 L al n - 1 L a2 n " 1 L a3 n - 1 } (Equation 17) 

[0088] 

[Equation 18] 

CL an = {L a0 n L al n L a2 n L a3 n } (Equation 18) 

[0089] On the basis of these codes, the code generated 
between CLa^j and CLa n is CLa n _ 0 5 (CLa n _ 0>5 denotes the code which 
precedes CLa n by 20 ms) and this code CLa n _ 0 5 is generated. The 
generation of this code is determined by means of the following 
equations . 

[0090] 

[Equation 19] 
Equation 19: 

L n-0.5 j n 

aO — -'-'aO 

L n-0.5 T n 

al _ ■L'aO 

T n-0.5 -r n 

^32 ~~ lj al 

L n-0.5 j n 

a3 ~ "'"'al 

[0091] 



56 



[Equation 20] 
Equation 20: 

T n _ T n 

t n _ T n 
^al - lj a2 

t n _ T n 
J -'a2 _ -^33 



[0092] Here, because the long term predictive lag code 
transmission speeds of the VSELP system and the PSI-CELP system 
differ as shown in Fig. 10, the code CLa n _ 0 5 (on the left side 
in Equation 19) is generated from converted codes (values on 
the left side in Equations 19 and 20), and CLa n interpolation 
(on the left side in Equation 20) is carried out. As above, the 
codes CLa n _ 0 6 and CLa n can be obtained as shown in Equations 21 
and 22. 

[0093] 

[Equation 21] 

CL an _ 0 . 5 = {L a0 n , L a0 n , L al n ,L al n } (Equation 21) 

[0094] 

[Equation 22] 

CIj an = t L a2 n ' L a2°' L a3 n , L a3 n } 

(Equation 22) 

[0095] Further, in cases where conversion is performed 
from codes of VSELP system speech coding to codes of PSI-CELP 
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system speech coding, codes which are inputted via the Din are 
first received via the Din as long term predictive lag codes 
of the VSELP system and the codes which are converted to the 
PSI-CELP system by the long term predictive lag code matching 
section 830 are CLb n and CLb^ (where n is a natural number, and 
CLb n _ x denotes a code which lies one before (40 ms before) CLb n ) , 
and the long term predictive lag indicated by this code is 
denoted by an Lb (where Lb n indicates the vector element) 
vector. 

[0096] 

[Equation 23] 

CL bn _ 0 . 5 = {L b0 n -°* 5 , L bl n -°' 5 , L b2 n " 0 - 5 , L b3 n -°- 5 } (Equation 23) 

[0097] 

[Equation 24] 

CL bn = {L b0 n , L bl n , L b2 n , L b3 n } (Equation 24) 

[0098] On the basis of these codes, codes are deleted 
according to the rules represented by the following equations. 
[0099] 

[Equation 25] 

a = max (b, c) (Equation 25) 

[0100] Here, b and c denote the vector elements to be 
compared, and Equation 25 shows that b and c are compared and 
the larger of the two is assigned as a, such that the value 
assigned as a remains while the remaining element is deleted. 
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Alternatively, as shown in Equation 26, a rule may be used which 
is provided by the following equation which compares b and c 
and assigns the smaller of the two values. 
[0101] 

[Equation 26] 

a = min (b, c) (Equation 26) 

[0102] By using this equation and by means of Equations 
23 and 24, new interpolated vector elements Ln are found as 
shown in Equations 27 to 30. 

[0103] 

[Equation 27] 

L b0 = max(L b0 n -°- 5 , L bl n " 0 - 5 ) (Equation 27) 

[0104] 

[Equation 28] 

L bl = max(L b2 n " 0 * 5 , L b3 n " 0 * 5 ) (Equation 28) 

[0105] 

[Equation 29] 

L b2 = max(L b0 n , L bl n ) (Equation 29) 

[0106] 

[Equation 30] 

L b3 = max(L b2 n , L b3 n ) (Equation 30) 

[0107] 

[Equation 31] 

CL bn = {L b0 , L bl , L b2 , L b3 ) (Equation 31) 
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[0108] CLb n is updated from the generated vectors as shown 
in Equation 31, and CLb n _ 0 5 is deleted. The converted codes are 
transmitted to the long term predictive lag code conversion 
control section 820 and outputted to the Dout. 

[0109] Therefore, in cases where the code transmission 
speeds are different, code interpolation can be performed to 
match the converted transmission speed by adding or deleting 
code . 

[0110] Next, a description will be provided for the gain 
code and fixed codebook code conversion section 520, with 
reference to Fig. 11. Fig. 11 shows a block diagram of the 
functions of the gain code and fixed codebook code conversion 
section 520 according to the present embodiment. The gain code 
and fixed codebook code conversion generates excitation 
signals by means of the adaptive and fixed codebooks of both 
the VSELP system and the PSI-CELP system, and determines the 
converted gain code and fixed codebook codes such that the error 
between the excitation signals generated by both systems is 
minimized. Conversion is performed here by generating 
excitation signals in order to reduce the amount of computation. 
However, conversion may also be performed by synthesizing 
speech signals using short term predictive analysis 
parameters . 

[0111] The gain code and fixed codebook code conversion 
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section 520 in Fig. 11 comprises an input excitation signal 
generation section 1000 that is generated by the inputted 
encoding method; an output side excitation signal generation 
section 1010 which is generated by the converted coding method; 
an error calculation section 1030, which calculates the error 
between signals generated by the input excitation signal 
generation section 1000 and the output side excitation signal 
generation section 1010; and an error minimizing code selection 
section 1020, which selects gain codes and fixed codebook codes 
according to the converted coding method so as to minimize the 
error calculated by the error calculation section 1030. 

[0112] The input side excitation signal generation 
section 1000 in Fig. 11 comprises an adaptive codebook A1001 
and a fixed codebook A1002 according to the inputted coding 
method; an amplifier A1003 and amplifier B1004 for amplifying 
signals; and a gain codebook A1005 for controlling the 
amplification rate of the amplifier A1003 and the amplifier 
B1004. Also, the output side excitation signal generation 
section 1010 comprises an adaptive codebook B1011 and a fixed 
codebook B1012 according to the converted coding method; an 
amplifier C1013 and amplifier D1014 for amplifying signals; and 
a gain codebook A1005 for controlling the amplification rate 
of the amplifier C1013 and the amplifier D1014. For example, 
in cases where conversion is from the VSELP system to the 
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PSI-CELP system, the input side excitation signal generation 
section 1000 generates excitation signals according to the 
VSELP system, while the output side excitation signal 
generation section 1010 generates excitation signals according 
to the PSI-CELP system. In cases where excitation signals are 
generated according to the PSI-CELP system, a noise source 
codebook is also provided and noise source codes are determined 
on the basis of this noise source codebook and so as to minimize 
the excitation signal error between the input side and the 
output side. 

[0113] The operation of the constitution shown in Fig. 
11 will now be described. In Fig. 11, the long term predictive 
lag codes which have been divided by the code division section 
510 shown in Fig. 2 are inputted to Dlin and thus received by 
the adaptive codebook A1001. The adaptive codebook A1001 then 
outputs the excitation signals which correspond with the 
inputted long term predictive lag codes. Further, the fixed 
codebook codes divided by the code division section 510 shown 
in Fig. 2 are inputted to D2in and thus received by the fixed 
codebook A1002, and the fixed codebook A1002 outputs the 
excitation signals which correspond with the fixed codebook 
codes. Further, the gain codes thus divided by the code division 
section 510 shown in Fig. 2 are inputted to D3in and thus 
received by the gain codebook A1005. The gain codebook A1005 
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is used to exercise control of the amplification of the 
excitation signals from the adaptive codebook A1001 and the 
excitation signals from the fixed codebook A1002. Thereafter, 
the excitation signals of both the amplifier A1003 and the 
amplifier B1004 are added to generate an excitation signal EXA. 

[0114] Meanwhile, in the output side excitation signal 
generation section 1011, the long term predictive lag codes 
converted in the long term predictive lag code conversion 
section 560 shown in Fig. 2 are inputted to D4in via the 
converted code conversion control section 530 and received by 
the adaptive codebook B1011. The adaptive codebook B1011 
outputs excitation signals that match the converted long term 
predictive lag codes. 

The fixed codebook B1014 outputs excitation signals in 
accordance with values selected by the error minimizing code 
selection section 1020, and the gain codebook B1015 controls 
the amplification rate of the amplifier C1013 and the amplifier 
D1014 in accordance with a value selected by the error 
minimizing code selection section 1020. Thereafter, the 
excitation signals of both the amplifier C1013 and the 
amplifier D1014 are added to generate an excitation signal EXB. 

[0115] In addition, the excitation signal EXA generated 
by the input side excitation signal generation section and the 
excitation signal EXB generated by the output side excitation 
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signal generation section 1010 are compared and the error 
between these signals is calculated by the error calculation 
section 1030. The error minimizing code selection section 1020 
selects respective codes of the fixed codebook B1014 and the 
gain codebook B1015 so as to minimize the error, and converted 
fixed codebook codes and gain codes are outputted to the Dlout 
and the D2out respectively. Similarly to when control is 
exercised to minimize the error by comparing the inputted 
speech and the excitation signal as per the conventional 
technique, the method of selecting the optimum gain code and 
fixed codebook code which minimize this error is capable of a 
determination by means of a comparison of excitation signals 
EXA and EXB instead of a comparison of the inputted speech and 
the excitation signal. 

[0116] Converted fixed codebook codes and gain codes can 
therefore be outputted. 

[0117] The code multiplexing section 570 shown in Fig. 
2 uses the multiplexing method of the converted coding system 
to multiplex: fixed codebook codes and gain codes which are 
converted by the gain code and fixed codebook code conversion 
section 520; short term predictive analysis parameter codes 
converted by the short term predictive analysis parameter code 
conversion section 540; electric power values converted by the 
electric power code conversion section 550; and long term 
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predictive lag codes converted by the long term predictive lag 
code conversion section 560, and convolutional coding in order 
to provide a resistance to errors between radio wave 
transmission segments is undertaken . by the transmission 
channel coding section 590. Such processing makes it possible 
to convert codes encoded according to the specified speech 

coding system A into codes of a speech coding system B which 

f 

differs from the specified speech coding system A. 

[0118] Fig. 12 shows an example of a hardware 
configuration that serves to implement the code conversion 
system described above. The code conversion dedicated hardware 
1500 in Fig. 12 incorporates a DSP (digital signal processor) 
1510 that performs conversion processing by means of the speech 
code conversion section in the code conversion system described 
above, and a memory 1520 for storing programs, input data and 
processing results, and the like, of the processing performed 
by the DSP 1510, and, if necessary, can also comprise an 
interface with an upper control section. In Fig. 12, the codes 
inputted via the Cin can be converted as a result of the 
processing indicated in the above-described embodiment being 
performed by the DSP 1510, and can be outputted to Cout . Further, 
the DSP 1500 may be controlled via an upper control section. 

[0119] Such processing makes it possible to further 
reduce the scale of the hardware. 
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[0120] The detailed functions of the code conversion 
apparatus were described above. 

[0121] Next, a digital wireless system that uses the code 
conversion apparatus will be described in the form of a second 
embodiment. In the present embodiment, code conversion is not 
performed in the code conversion apparatus and codes are 
transmitted without reversion to a speech signal through 
decoding, and therefore the existence of a digital link is 
communicated to the other party and in the event of such a 
communication, the other party does not perform encoding. 

[0122] Fig. 13 is a constitutional view of a digital 
wireless system comprising a different speech coding system. 
In Fig. 13, this digital wireless system comprises mobile 
terminals A300 and B340 for performing wireless communications, 
wireless base stations A310 and B330 for performing wireless 
communications with the mobile terminals, and a switch 320 for 
call switching. 

[0123] The mobile terminal A300 comprises a coding device 
A301. The wireless base station A310 comprises a code 
conversion apparatus 311 and a coding device A312. The wireless 
base station B330 comprises a coding device B331. The mobile 
terminal B340 comprises a coding device B341. Here, the coding 
device 301 of the mobile terminal A300 and the coding device 
312 of the wireless base station A310 are speech coding devices 
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that use the same speech coding system, and may be a coding 
device that incorporates PSI-CELP system speech coding or a 
coding device that incorporates VSELP system speech coding, for 
example. The coding device 331 of the wireless base station B330 
and the coding device 341 of the mobile terminal B340 are speech 
coding devices that use the same speech coding system and are 
coding devices that incorporate a speech coding system that is 
different from the speech coding system of the coding devices 
that are incorporated in the mobile terminal A300 and the 
wireless base station A. For example, if PSI-CELP system speech 
coding is incorporated in the speech coding system of the coding 
device A301 of the mobile terminal A300 and VSELP system speech 
coding is incorporated in the speech coding system of the coding 
device B341 of the mobile terminal B340, a communications 
system between different speech coding systems is produced. 
Alternatively, VSELP system speech coding may be incorporated 
in the mobile terminal A300 and PSI-CELP system speech coding 
may be incorporated in the mobile terminal B340. 

[0124] Fig. 14 shows the procedure for the process prior 
to initiation of a call by the system shown in Fig. 13. Fig. 
14 shows the procedure for establishing a connection with the 
mobile terminal B340 from the mobile terminal A300. The 
procedure for establishing a connection with the mobile 
terminal A300 from the mobile terminal B340 is conducted 
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similarly. 

[0125] In Fig. 14, when the wireless base station A310 
has an outgoing call request from the mobile terminal A300, the 
wireless base station A310 issues a wireless base station B 
coding system request 401 to perform an inquiry on the wireless 
base station B coding system (step 401) to the wireless base 
station B330 via the switch 320. Upon receiving the wireless 
base station B coding system request 401, the wireless base 
station B330 confirms the speech coding system of the mobile 
terminal B340 and then transmits a wireless base station B 
coding system response 402 (step 402) after appending 
identification information for the speech coding system of the 
mobile terminal B340 to the wireless base station A310 in order 
to notify same of the speech coding system. After receiving the 
wireless base station B coding system response 402, the 
wireless base station A310 detects the fact that the speech 
coding system of the mobile terminal B340 differs from the 
speech coding system of the mobile terminal A300, suppresses 
decoding by the coding device A, and issues a switching 
instruction (step 403) so that code conversion is performed by 
the code conversion apparatus 311. In addition, since the 
speech coding system of the mobile terminal B340 differs from 
the speech coding system of the mobile terminal A300, the 
wireless base station A310 transmits (step 404) a coding device 
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B usage prohibition request 404 to the wireless base station 
B330 in order to set a mode that prohibits the usage of encoding 
by the coding device 331 incorporated in the wireless base 
station B330. When the wireless base station B303 receives the 
coding device B usage prohibition request, this station 
undertakes digital through-mode setting (step 405) which 
constitutes a mode in which encoding by the coding device B311 
is suppressed and codes from the switch 320 are transmitted to 
the mobile terminal B340 as is. In addition, in response to the 
coding device B usage prohibition request 404, the wireless 
base station B303 sends a digital through-mode setting (step 

406) which is a signal that indicates that digital through- 
mode has been set, to the wireless base station A310 and sends 
a usage permission 408 to the mobile terminal B340 (step 408) . 
Meanwhile, after receiving the digital through-mode setting 
from the wireless base station B330, the wireless base station 
A310 sends usage permission to the mobile terminal A300 (step 

407) . 

[0126] Confirmation regarding the coding systems is thus 
performed between the wireless base stations. If code 
conversion is necessary, settings can be made to perform code 
conversion or to not perform decoding. As a result of this 
confirmation, transmission is possible even between mobile 
terminals having different speech coding systems without 
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establishing two digital links. 

[0127] A third embodiment will be described next. In the 
third embodiment, a description is provided for a code 
conversion apparatus which is in a digital cellular 
communications system and which performs conversion to both the 
Japanese standard VSELP system and the American standard VSELP 
system which the system comprises as speech coding systems. 

[0128] Fig. 15 shows a system that comprises the code 
conversion apparatus and that permits voice communications 
between Japan and America by means of a pair of digital cellular 
terminals. Further, Fig. 16 shows a comparative example of 
frame bit allocation of the Japanese standard VSELP system and 
the American standard VSELP system. As shown in Fig. 16, the 
bit allocation with respect to code frames according to the 
Japanese standard and the American standard is different, and 
there is one more codebook in the American standard. Therefore, 
the frame bit allocation depends on the transmission bit rate 
of the transmission channel and hence can be performed by 
adjusting the bit rate to match the converted bit rate by means 
of the conversion section interpolation sections of the first 
embodiment described above. Further, in the American standard, 
there is one more codebook, and therefore, similarly to the gain 
code and fixed codebook code conversion section 520 shown in 
Fig. 11 and as shown in Fig. 17, the input-side excitation 
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signal and output-side excitation signal are generated by using 
the Japanese standard codebook 1700 and American standard 
codebooks 1710 and 1720, and the minimum error selection 
section 1730 may select codebook codes to minimize the error 
by comparing both excitation signals. 

[0129] In Fig. 15, the system comprises mobile terminals 
A1100 and B1190 for performing wireless communications; 
wireless base stations A1120 and B1180 for performing wireless 
communications with the mobile terminals, switches A1130 and 
B1170 for call switching; multiplexers A1140 and B1160 for 
multiplexing or dividing data; and a transmission channel 1150 
which permits a connection between the multiplexers. 

[0130] The mobile terminal A1100 comprises a coding 
device A1101 for performing coding/decoding according to the 
Japanese standard VSELP system, and the wireless base station 
A1120 comprises a coding device A1121 for performing 
coding/decoding according to the Japanese standard VSELP 
system, and a code conversion apparatus 1122 for performing 
code conversion between the Japanese standard VSELP system and 
the American standard VSELP system. Further, the mobile 
terminal B1190 comprises a coding device B1101 for performing 
coding/decoding according to the American standard VSELP 
system, and the wireless base station B1180 comprises a coding 
device B1181 for performing coding/decoding according to the 
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American standard VSELP system. 

[0131] In Fig. 15, in the coding device A1101 of the 
mobile terminal A1100, codes encoded according to the Japanese 
standard VSELP system are converted to codes that can be used 
by the American standard VSELP system in the code conversion 
apparatus 1122 of the wireless base station A1121, and these 
codes are transmitted to the wireless base station B1180 via 
the switch A1130, the multiplexer A1140, the transmission 
channel 1150, the multiplexer B1160 and the switch B1170. The 
wireless base station B1180 transmits the codes received from 
the switch B1170 to the mobile terminal B1190 as is without 
using the coding device B1181. The mobile terminal B1190 plays 
back the speech signal in accordance with the American standard 
VSELP system from the codes thus received. 

[0132] According to this embodiment, code conversion can 
be implemented and communications performed in a digital 
cellular communications system that comprises the Japanese 
standard VSELP system and the American standard VSELP system 
in which the speech coding is different. 

[0133] A fourth embodiment will be described next. Fig. 
18 shows a constitutional view of a case where the code 
conversion apparatus is applied to a wired communications 
system. 

[0134] The wired communications system in Fig. 18 
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comprises switches A1200, B1210, C1220 and D1260 for call 
switching; telephones A1230 and B1240 which are communication 
terminals . 

[0135] Further, the switch A1200 comprises a coding 
device A1211, the switch C1220 comprises a coding device B1221, 
and the switch D1260 comprises a coding device A1251. The switch 
B1210 comprises a code conversion apparatus 1211 and connection 
destination information 1212 that stores path information and 
the connection destination coding system, A coding device A1201 
in the switch A1200 and a coding device B1251 in the switch D1250 
incorporate the speech coding system A. The coding device B1221 
in the switch C1220 incorporates a speech coding system B which 
differs from the speech coding system A. The types of speech 
coding systems incorporated in the switches are registered 
beforehand in the connection destination information 1212. 

[0136] In Fig. 18, when a call is made between the 
telephone A1230 and the telephone B1240, the speech inputted 
from the telephone A1230 is speech-encoded by the coding device 
A1201 in the switch A1200 and codes are then transmitted to the 
switch B1210. The switch B1210 references connection 
destination information 1212 on the coding system of the 
connection destination switch C1220, detects the fact that this 
coding system is different and therefore determines that the 
coding system is converted using the code conversion apparatus 
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1211. The codes from the switch A1200 are converted to codes 
of the coding system B which can be employed by the coding device 
B1221 in the switch C1220 by means of the code conversion 
apparatus 1211 in the switch B and these codes are transmitted 
to the switch C1220. The coding device B1221 in the switch C1220 
uses the received codes for the decoding to the speech signal 
and sends the speech signal to the telephone B. 

[0137] On the other hand, when a call is made between the 
telephone A1230 and the telephone C1260, the switch B1210 
detects the fact that the speech coding systems are the same 
by referencing the connection destination information 1212, 
and because the coding systems are the same, the switch B1210 
sends the codes from the switch A1200 to the switch D1250 as 
is without using the code conversion apparatus 1211. The coding 
device A1251 in the switch D1250 decodes the received codes to 
a speech signal and sends the speech signal to the telephone 
C1260. 

[0138] According to the present embodiment, the code 
conversion apparatus can be applied to a wired communications 
system. 

[0139] Next, a fifth embodiment of the wired 
communications system that employs a code conversion apparatus 
and multiplexers will be described. In the present embodiment, 
multiplexers are additionally provided in the fourth 
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embodiment and a case in which the code conversion apparatus 
is provided in a multiplexer is illustrated. 

[0140] Fig. 19 shows a constitutional view of the wired 
communications system of the present embodiment. The wired 
communications system in Fig. 19 comprises a telephone A1300, 
a telephone B1370, and a telephone C1380 which are 
communication terminals; switches A1310, B1360 and C1340 for 
call switching; and multiplexers A1320, B1330 and C1350 for 
multiplexing or dividing data. 

[0141] Further, the multiplexer A1320 comprises a coding 
device A1321, the multiplexer B1330 comprises a code conversion 
apparatus 1331, and the multiplexer C1350 comprises a coding 
device B1351. The coding device A1321 in the multiplexer A1320 
incorporates the speech coding system A. The coding device 
B1351 in the multiplexer C1350 incorporates the speech coding 
system B which differs from the speech coding system A. Because 
the connection path in the communications between multiplexers 
is fixed, the case where the coding system is converted to match 
the connection destination coding system and the case where 
transmission is made as is are both specified beforehand. In 
the example shown in Fig. 19, when a call is made between the 
telephone A1300 and the telephone B1370, a connection path is 
specified so that communications are made via the switch A1310, 
the multiplexer A1320, the multiplexer B1330, the multiplexer 
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C1350 and the switch B1360. 

[0142] In Fig. 19, when a call is made between the 
telephone A1300 and the telephone B1370, the speech signal 
inputted from the telephone A1300 is transmitted to the 
multiplexer A1320 via the switch A1310. The speech signal thus 
transmitted is speech-encoded by the coding device A1321 in the 
multiplexer A1320. The codes in the speech signal are converted 
in the code conversion apparatus 1331 of the multiplexer B1330 
into codes of the coding system B which can be used by the coding 
device B1351 in the multiplexer C1350, and the converted codes 
are sent to the multiplexer C1350. The multiplexer C1350 
decodes the received codes into a speech signal by means of the 
coding device B1351 and transmits the speech signal to the 
telephone B1370 via the switch B1360. 

[0143] In addition, when a call is made between the 
telephone A1300 and the telephone B1370, the connection path 
may be specified such that communications are made via the 
switch A1310, the multiplexer A1320, the multiplexer B1330 , the 
switch C1340, the multiplexer B1330 , the multiplexer C1350 , and 
the switch B1360. In this case, in Fig. 19, when a call is made 
between the switch A1300 and the telephone B1370, the speech 
codes which are inputted from the telephone A1300 are 
transmitted to the multiplexer A1320 via the switch A1310. The 
transmitted speech signal is transmitted to the switch C1340 
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and inputted once again to the multiplexer B1330. The code 
conversion apparatus 1331 of the multiplexer B1330 converts the 
inputted codes into codes of the coding system B which can be 
used by the coding device B1351 in the multiplexer C1350, and 
these codes are sent to the multiplexer C1350. The multiplexer 
C1350 decodes the received codes to a speech signal by means 
of the coding device B1351 and transmits the speech signal to 
the telephone B1370 via the switch B1360. 

[0144] Even in a case such as this where the path is 
specified, conversion can be made to the output destination 
coding system by using the code conversion apparatus. 

[0145] Next, a sixth embodiment for a case where the code 
conversion apparatus is applied to a portable terminal as an 
adapter, will be described. Fig. 20 shows a constitutional view 
of the present embodiment. 

[0146] The system in Fig. 20 comprises a portable 
terminal A1400 for performing wireless communications; a 
wireless base station A1420 for performing wireless 
communications with the mobile terminal; and a switch 1430 for 
call switching. The mobile terminal A1400 comprises a coding 
device A1401, the adapter 1410 comprises a code conversion 
apparatus 1411, and the wireless base station A1420 comprises 
a coding device B1421. The coding device A1401 in the mobile 
terminal A1400 incorporates the speech coding system A and the 



77 



coding device B1421 in the wireless base station A1420 
incorporates the speech coding system B which is different from 
the speech coding system A. For example, when PSI-CELP system 
speech coding is incorporated in the coding device B1421 in the 
wireless base station A1420 and VSELP system speech coding is 
incorporated in the coding device A1401 in the mobile terminal 
A1400, the code conversion apparatus 1411 in the adapter 1410 
performs code conversion between codes of the PSI-CELP system 
speech coding and codes of the VSELP system speech coding. 
Whether code conversion is performed or not may be confirmed 
by making the above-described inquiry shown in Fig. 14. 

[0147] According to the present embodiment, a mobile 
terminal that incorporates VSELP system speech coding can be 
employed, even in a network employing PSI-CELP system speech 
coding, by using the adapter 1410. 

[0148] According to the above embodiments, a code 
conversion system that performs direct two-way code conversion 
on the basis of pre-provided code conversion rules without 
reverting codes between speech coding systems in which the 
quantization values or quantization methods differ into a 
speech signal can be built. According to this code conversion 
system, as far as the scale of the hardware is concerned, 
although code conversion sections are added, the parts 
performing short term predictive analysis, electric power 
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computation and speech synthesis are simplified, meaning that 
an increase in the scale of the apparatus is prevented, signal 
processing delays can be improved because the processing 
thereof is reduced, and deterioration in the speech quality 
caused by quantization errors can also be suppressed. 
[0149] 

[Effects of the invention] According to the present invention, 
in voice communications between speech coding systems whose 
quantization values or quantization methods differ, a code 
conversion system which allows voice communications to be 
performed without reversion to played back speech can be 
implemented. Moreover, the parts performing short term 
predictive analysis, electric power computation and speech 
synthesis are simplified, meaning that an increase in the scale 
of the apparatus is prevented, signal processing delays can be 
improved because the processing thereof is reduced, and 
deterioration in the speech quality caused by quantization 
errors can also be suppressed. 

[Brief Description of the drawings] 

Fig. 1 is a system diagram according to the first 
embodiment of the present invention; 

Fig. 2 is a block diagram of the code conversion apparatus 
according to the first embodiment of the present invention; 
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Fig. 3 is a block diagram of the functions of the short 
term predictive analysis parameter code conversion section 
according to the first embodiment; 

Fig. 4 is a block diagram of the functions of the 
electrical power code conversion section according to the first 
embodiment ; 

Fig. 5 is an illustrative view of the electrical power 
code conversion according to the first embodiment; 

Fig. 6 is a block diagram of the functions of the long 
term predictive lag code conversion section according to the 
first embodiment; 

Fig. 7 is block diagram of the functions of the adaptive 
filter according to the first embodiment; 

Fig. 8 is a flowchart of the long term predictive lag code 
conversion according to the first embodiment; 

Fig. 9 is a waveform diagram of a speech signal according 
to the first embodiment; 

Fig. 10 is an illustrative view of the long term 
predictive lag code conversion according to the first 
embodiment ; 

Fig. 11 is a block diagram of the functions of the gain 
code and fixed codebook code conversion section according to 
the first embodiment; 

Fig. 12 is a block diagram of the hardware of the code 
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conversion system according to the first embodiment; 

Fig. 13 is an illustrative view of a system that puts the 
code conversion system according to the second embodiment to 
practical use; 

Fig. 14 is a sequential view of the start of the operation 
of a wireless communications system that uses the code 
conversion system according to the first embodiment; 

Fig. 15 is an illustrative view of a system that puts the 
code conversion system according to the third embodiment to 
practical use; 

Fig. 16 is an illustrative view of Japanese VSELP coding 
and American VSELP coding according to the third embodiment; 

Fig. 17 is a block diagram of the functions of the gain 
code and fixed codebook code conversion section according to 
the third embodiment; 

Fig. 18 is an illustrative view of a system that puts the 
code conversion system according to the fourth embodiment to 
practical use; 

Fig. 19 is an illustrative view of a system that puts the 
code conversion system according to the fifth embodiment to 
practical use; 

Fig. 20 is an illustrative view of a system that puts the 
code conversion system according to the sixth embodiment to 
practical use; and 



81 



Fig. 21 is an illustrative view of a conventional digital 
cellular communications system. 

[Description of the reference symbols] 
100, 300, 1100: mobile terminals A; 101, 111, 301, 312, 1101, 
1121, 1201, 1321, 1401: coding devices A; 110, 310, 1120: 
wireless base stations A; 120, 1130, 1200, 1310: switches A; 
130, 1150: transmission channels ; 140, 1170, 1210, 1360: 
switches B; 150, 330, 1180: wireless base stations B; 160, 340, 
1190: mobile terminals B; 161, 151, 331, 341, 1181, 1191, 1221, 
1251, 1351, 1421: coding devices B; 200: encoder A; 210: 
transmission channel A, 220, 311, 1122, 1211, 1331, 1411: 
coding conversion systems; 230: transmission channel B, 240: 
decoder B; 320, 1430: switches; 401: wireless base station B 
coding system request; 402: wireless base station B coding 
system response; 403: switching of code conversion system and 
coding device A; 404: coding device B usage prohibition 
request; 405, 406: digital through-mode setting; 407, 408: 
usage permission; 500: speech code conversion section; 510: 
code division section; 520: gain code and fixed codebook code 
conversion section; 530: code conversion control section; 540: 
short term predictive analysis parameter code conversion 
section; 550: electric power value code conversion section; 
560: long term predictive lag code conversion section; 570: 
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code multiplexing section; 580: transmission channel decoding 
section; 590: transmission channel coding section; 610: short 
term predictive analysis parameter interpolation section; 620 : 
short term predictive analysis parameter code conversion 
section; 630: short term predictive analysis parameter code 
matching section; 710: electric power value interpolation 
section; 720: electrical power code conversion control 
section; 730: electrical power code matching section; 810: long 
term predictive lag interpolation section; 820: long term 

i 

predictive lag code conversion control section; 830: long term 
predictive lag code matching section; 1000: input side 
^ excitation signal generation section; 1001: adaptive codebook 

A; 1002: fixed codebook A; 1003: amplifier A; 1004: amplifier 
B; 1005: gain codebook A; 1010: output side excitation signal 
generation section; 1011: adaptive codebook B; 1012: fixed 
codebook B; 1013: amplifier C; 1014: amplifier D; 1015: gain 
codebook B; 1020: error minimizing code selection section; 
1030: error calculation section; 1140, 1320: multiplexers A; 
1150, 1330: multiplexers B; 1212: connection destination 
information; 1230, 1300: telephones A; 1240, 1370: telephones 
B; 1260, 1380: telephones C; 1220, 1340: switches C; 1350: 
multiplexer C; 1400: mobile terminal; 1410: adapter; 1500: code 
conversion dedicated hardware; 1510: DSP; and 1520: memory. 
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FIG. 1 

200 ENCODER A 

210 TRANSMISSION CHANNEL A 

22 0 CODE CONVERSION APPARATUS 

2 30 TRANSMISSION CHANNEL B 

240 DECODER B 

FIG. 2 

22 0 CODE CONVERSION APPARATUS 

580 TRANSMISSION CHANNEL DECODING SECTION 

500 SPEECH CODE CONVERSION SECTION 

510 CODE DIVISION SECTION 

520 GAIN CODE AND FIXED CODEBOOK CODE CONVERSION SECTION 

530 CODE CONVERSION CONTROL SECTION 

540 SHORT TERM PREDICTIVE ANALYSIS PARAMETER CODE CONVERSION 
SECTION 

550 ELECTRIC POWER VALUE CODE CONVERSION SECTION 

5 60 LONG TERM PREDICTIVE LAG CODE CONVERSION SECTION 
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570 CODE MULTIPLEXING SECTION 

590 TRANSMISSION CHANNEL CODING SECTION 

FIG. 3 

54 0 SHORT TERM PREDICTIVE ANALYSIS PARAMETER CODE CONVERSION 
SECTION 

610 SHORT TERM PREDICTIVE ANALYSIS PARAMETER INTERPOLATION 
SECTION 

62 0 SHORT TERM PREDICTIVE ANALYSIS PARAMETER CODE CONVERSION 
CONTROL SECTION 

630 SHORT TERM PREDICTIVE ANALYSIS PARAMETER CODE MATCHING 
SECTION 

FIG. 4 

550 ELECTRICAL POWER CODE CONVERSION SECTION 

710 ELECTRIC POWER VALUE INTERPOLATION SECTION 

720 ELECTRICAL POWER CODE CONVERSION CONTROL SECTION 

730 ELECTRICAL POWER CODE MATCHING SECTION 
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FIG. 5 
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560 LONG TERM PREDICTIVE LAG CODE CONVERSION SECTION 

810 LONG TERM PREDICTIVE LAG INTERPOLATION SECTION 

820 LONG TERM PREDICTIVE LAG CODE CONVERSION CONTROL SECTION 

830 LONG TERM PREDICTIVE LAG CODE MATCHING SECTION 

FIG. 7 

INPUT 

OUTPUT 

FIG. 8 
• START 
END 

FIG. 10 
VSELP 

-SUBFRAME 1 
, SUBFRAME 2 
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SUBFRAME 3 
p... SUBFRAME 4 
£„. FRAME N-l 
f... FRAME N 

PSI-CELP 

/ 

fa ... SUBFRAME 1 
f 

SUBFRAME 2 
SUBFRAME 3 
[/-• SUBFRAME 4 
--FRAME M 

FIG. 11 

520 GAIN CODE AND FIXED CODEBOOK CODE CONVERSION SECTION 

1005 GAIN CODEBOOK A 

1000 INPUT SIDE EXCITATION SIGNAL GENERATION SECTION 

1001 ADAPTIVE CODEBOOK A 

1002 FIXED CODEBOOK A 

1003 AMPLIFIER A 

88 



1004 AMPLIFIER B 
y4**'( INPUT LONG TERM PREDICTIVE LAG CODE) D lin 

(INPUT FIXED CODEBOOK CODE) D 2in 
Q.„ (INPUT GAIN CODE) D 3in 

(CONVERTED LONG TERM PREDICTIVE LAG CODE) D 4in 
• 1010 OUTPUT SIDE EXCITATION SIGNAL GENERATION SECTION 

1011 ADAPTIVE CODEBOOK B 

1012 FIXED CODEBOOK B 

1013 AMPLIFIER C 

1014 AMPLIFIER D 

1015 GAIN CODEBOOK B 

1020 ERROR MINIMIZING CODE SELECTION SECTION 
1030 ERROR CALCULATION SECTION 

FIG. 12 

A— TO UPPER CONTROL SECTION 

1500 CODE CONVERSION DEDICATED HARDWARE 
1520 MEMORY 
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FIG. 13 

300 MOBILE TERMINAL A 

301 CODING DEVICE A 

310 WIRELESS BASE STATION A 

311 CODE CONVERSION APPARATUS 

312 CODING DEVICE A 
320 SWITCH 

330 WIRELESS BASE STATION B 

331 CODING DEVICE B 

340 MOBILE TERMINAL B 

341 CODING DEVICE B 

FIG. 14 

300 MOBILE TERMINAL A 

310 MOBILE TERMINAL A 

320 SWITCH 

330 WIRELESS BASE STATION B 
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34 0 MOBILE TERMINAL B 

401 WIRELESS BASE STATION B CODING SYSTEM REQUEST 

402 WIRELESS BASE STATION B CODING SYSTEM RESPONSE 

403 SWITCHING OF CODE CONVERSION APPARATUS AND CODING DEVICE 
4 04 CODING DEVICE B USAGE PROHIBITION REQUEST 

405 DIGITAL THROUGH-MODE SETTING 

406 DIGITAL THROUGH-MODE SETTING 

407 USAGE PERMISSION 

408 USAGE PERMISSION 

FIG. 15 

1100 MOBILE TERMINAL A 

1101 CODING DEVICE A 

1120 WIRELESS BASE STATION A 

1121 CODING DEVICE A 

1122 CODE CONVERSION APPARATUS 
1130 SWITCH A 

114 0 MULTIPLEXER A 
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1150 TRANSMISSION CHANNEL 

1160 MULTIPLEXER B 

1170 SWITCH B 

1180 WIRELESS BASE STATION B 

1181 CODING DEVICE B 

1190 MOBILE TERMINAL B 

1191 CODING DEVICE B 



FIG . 16 



PARAMETERS 
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LAG (ADAPTIVE FILTER) 



7 /28 



7 



/28 



(T... CODE WORDS (FIXED CODEBOOK) 
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^ --• GAIN 



7 /28 
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FIG. 17 
A~- JAPANESE VSELP 

1700 Codebook (JVSELP) 
0.- AMERICAN VSELP 

1710 Codebookl (VSELP) 

1720 Codebook2 (VSELP) 

1730 SETTING OF BOTH INDEXES TO MINIMIZE ERROR 
C"- MINIMUM ERROR SELECTION SECTION 

FIG. 18 

1230 TELEPHONE A 

1200 SWITCH A 

1201 CODING DEVICE A 
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1210 SWITCH B 

1211 CODE CONVERSION APPARATUS 

1212 CONNECTION DESTINATION INFORMATION 

1220 SWITCH C 

1221 CODING DEVICE B 
1240 TELEPHONE B 

1250 SWITCH D 

1251 CODING DEVICE A 
1260 TELEPHONE C 



FIG, 19 

1300 TELEPHONE A 
1310 SWITCH A 

1320 MULTIPLEXER A 

1321 CODING DEVICE A 

1330 MULTIPLEXER B 

1331 CODE CONVERSION APPARATUS 
1340 SWITCH C 
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1380 TELEPHONE C 

1350 MULTIPLEXER C 

1351 CODING DEVICE B 
1360 SWITCH B 

1370 TELEPHONE B 

FIG. 20 

1400 MOBILE TERMINAL 

1401 CODING DEVICE A 

1410 ADAPTER 

1411 CODE CONVERSION APPARATUS 

1420 WIRELESS BASE STATION A 

1421 CODING DEVICE B 
1430 SWITCH 

FIG. 21 

100 MOBILE TERMINAL A 
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101 CODING DEVICE A 

110 WIRELESS BASE STATION A 

111 CODING DEVICE A 
120 SWITCH A 

130 TRANSMISSION CHANNEL 

140 SWITCH B 

170 TELEPHONE 

150 WIRELESS BASE STATION B 

151 CODING DEVICE B 

160 MOBILE TERMINAL B 

161 CODING DEVICE B 
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